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5 GENE TRANSFER FOR TREATING A CONNECTIVE TISSUE 

OF A MAMMALIAN HOST 

CROSS-REFERENCE TO RELAT ED APPLICATION 
This is a continuation-in-part application of U.S. Application Serial No. 08/027,750, 

10 filed March 8, 1993, now pending, and a continuation-in-part application of U.S. Application 
Serial No. 08/163,563, filed January 18, 1994, which is a continuation application of U.S. 
Application No. 07/963,928, filed October 20, 1992, now abandoned, which was a 
continuation application of U.S. Application Serial No. 07/630,981, filed 
December 20, 1990, now abandoned. 

15 BACKGROUN D OF THL NVENTION 

Field Of The Invention 

The present invention relates to a method of introducing at least one gene encoding a 
product into at least one cell of a connective tissue of a mammalian host for use in treating 
the mammalian host. This method discloses employing DNA vector molecules containing a 

20 gene encoding the product and infecting the connective tissue cells of the mammalian host 
using the DNA vector molecule. This invention provides a method of introducing at least 
one gene encoding a product into at least one cell of a connective tissue of a mammalian host 
for use in treating the mammalian host including employing non-viral means for effecting 
such introduction. 

25 The present invention discloses ex vivo and in vivo techniques for delivery of a DNA 

sequence of interest to the connective tissue cells of the mammalian host. The ex vivo 
technique involves prior removal and culture of target autologous connective tissue cells, 
in vitro infection of the DNA sequence, DNA vector or other delivery vehicle of interest into 
the connective tissue cells, followed by transplantation to the modified connective tissue cells 

30 to the target joint of the mammalian host, so as to effect in vivo expression of the gene 

product of interest. The in vivo technique bypasses the requirement for in vitro culture of 
target connective tissues cells; instead relying on direct transplantation of the DNA sequence, 
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DNA vector or other deliver, vehicle ,o the urge, in *» connective tissue ceUs. •« 
effecting egression of the gene product of interest. 

L present invention also relates to a method to produce . .ntmal model for the 

TZL ceus of a mammalian host in *. for neutralfcing the destructive aeuvtt, of 
21, upon cartilage and other soft tissues. A, an alternative, the patients own 
'^11 1 transduce* in *. and induced hack into the affect pmt, us.ng 
LpUntation procedures such as for example, intraarticular injection. 

As an alternate ,„ me in *. manipulation of synovia, the gene «*odmg *e 
■ of inures, is introduced into liposomes and injeaed directly m> *« area of me 
^ I IZTJZZtm wim synovial cells, resulting in an in vi W gene tester to 

loodi, me product of inures, is — into the area - 
v h nNA enters the synovial cell, resulting in an in vivo gene transfer to syno 
^ ZZl active, hemopoietic progenitor ce„s or the mature lymphotd or 
m , el oid Ls may * transfeced in covered and injected into the tione marrow of *e 
patient using techniques known to the skilled arnsan. 

^ u i a , rh 9 n«s have received considerable investigation. 

- : r,~r:. . — — ^ « — - 

»•«■•«- »«.—.— ."-«"— ■ 
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prostaglandin E, and various neutral proteinases, such as, for example, collagenase, 
gelatinase and stromelysin, with the ability to degrade cartilage. During the development of 
an arthritic condition, these cells become activated. In the activate, state, synoviocytes and 
chondrocytes synthesize and secrete large amounts of prostaglandin E, and neutral 

proteinases. . 

k efforts to identify pathophysiological!, relevant cell activators, it has been known 
to. <he cy»kine interleukm-l activates chondtocyfcs and synoviocyKs and induces carulage 
breakdown in vuro and ft Additional!,, imerleukm-l is a grow* factor for 
synoviocytes and promotes their synthesis of matrix, two properties suggesang the 
involvement of interleukin-l in the synovial hypertrophy that accompanies arthrtm In 
contrast, interleukin-l inhibits cartilages matrix synthesis by chondrocyus, thereby 
suppressing repair of cartilage. lnterleukjn-1 also induces bone resorption and thus may 
account for the loss of bone density seen in rheumatoid arthritis. Interleukm-l ts 
inflammatory, serves as a growth factor for ■ymphocy.es, is a chemotactic factor and a 
Possible activator of polymorphonuclear leukocyKs (PMNs). When present tn a suffice,, 
concentration, interleokm-l may cause fever, muscle wasting and sleeptness. 

The major source of interleukin-l in the join, is the synovium. Interleukm-l ts 
^creurf b, the resident synoviocyfcs, which are joined under inflammatory conditions by 
macrophages and other white blood cells. 

Much attention has been devoted to the development of , class of agents .dentified as 

* "Non-steroidal Anti-Inflammatory W C— «- 

cartilage synthesis and repair and control inflammation. The mechanism o action of the 
NSA^s aLrs to be associated principally with the inhibiUon o, prosuglandm synthes > „ 
tod, tissues. Most of this development has involved the synthesis of beer mhtbttors of 
cydc-oxygenase, a key enxyme that - Nation of P-taglandi n precun»rs 

(Loperoxides) from arachidonic acid. The ^-inflammatory effect of the NSAIDs » 
th„u,h, » be due in part to inhibition of prostaglandin synthesis and release dunng 

SI—. - - — - * • ro " ttz:: t 

extent of leukocy* infiltration during inflammation. Tn. J^** 
ex^nple, ae«y.saticylic acid (aspirin,, fenoprofen ca!cium (Nalfon* Pulvu.es., D,su 
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Products Company), ibuprofen (Motrin*, The Upjohn Company), and indomethacin 
(Indocin* Merck, Sharp & Dohme). 

In contrast, the studies upon which the present invention is based show that 
production of the various neutral proteinases with the ability to degrade cartilage occurs even 
if prostaglandin synthesis is completely blocked. 

Therapeutic intervention in arthritis is hindered by the inability to target drugs, such 
as the NSAIDs, to specific areas within a mammalian host, such as, for example a joint. 
Traditional routes of drug delivery, such as for example, oral, intravenous or intramuscular 
administration, depend upon vascular perfusion of the synovium to carry the drug to the 
joint. This is inefficient because transynovial transfer of small molecules from the synovial 
capillaries to the joint space occurs generally by passive diffusion. This diffusion is less 
efficient with increased size of the target molecule. Thus, the access of large drug 
molecules, for example, proteins, to the joint space is substantially restricted. Intra-articular 
injection of drugs circumvents those limitations; however, the half-life of drugs administered 
intra-articularly is generally short. Another disadvantage of intra-articular injection of drugs 
is that frequent repeated injections are necessary to obtain acceptable drug levels at the joint 
spaces for treating a chronic condition such as, for example, arthritis. Because therapeutic 
agents heretofore could not be selectively targeted to joints, it was necessary to expose the 
mammalian host to systemically high concentrations of drugs in order to achieve a sustained, 
intra-articular therapeutic dose. Exposure of non-target organs in this manner exacerbated 
the tendency of anti-arthritis drugs to produce serious side effects, such as for example, 
gastrointestinal upset and changes in the hematological, cardiovascular, hepatic and renal 
systems of the mammalian host. 

It has been shown that genetic material can be introduced into mammalian cells by 
chemical or biologic means. Moreover, the introduced genetic material can be expressed so 
that high levels of a specific protein can be synthesized by the host cell. Cells retaining the 
introduced genetic material may include an antibiotic resistance gene thus providing a 
selectable marker for preferential growth of the transduced cell in the presence of the 
corresponding antibiotic. Chemical compounds for inhibiting the production of interleukin- 1 
are also known. 
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US Patent No 4 ,778,806 discloses a method of inhibiting the production of 
inte ^Xloc^ and,, macrophages in a human by administer th r0Ug h the 

lol a 2-2'-[l 3-propan-2-onediyl-bis (thio)] bis-1 H-imidazole or a 
parenteral route a 2 [1.3 P P ^ ^ discloS es a chemical compound for 

Pharmaceutically actable sal ttt» f. ™^ in one embodimen t of the present 

«h;hirini? the oroduction of interleukin-1. By contrast, in w 
mhibmng the prod ^ ^ 

invention, gene therapy is employed tnat cap^ 

*t s '„, N „. 4,7*0,470 discloses . nKthod of - »-**»* 

UMk This paten, also discloses » ^ mial C ° mI,0Un<, ** * 
""7s No. 4.794.U4 disclose a mefcod of inhibiting «- M^genase 

O S Paten. No. 4,870,10. discloses a tned»d for inhibmng the release of 

—lit - - — — 1 — CJSS« 

effective amount of a pharmacy accept an— 
U P -a,Mi-^M-M— 
di-i S obu.,l-6-(N,N-dimeth,lamino methyl)-phenol. Th.s pattn. dtsclose 

expound for inhibiting *. release of interMdn-L ^ ^ 

11 <! Patent No 4,816,436 discloses a process for the use or inre 

To, intra-articular injection for the treatment of arthritis or 
«». .a, „ a meth0(i of usi „g and prepanng a 

inflammation, in contrast, the present in 

gene that is capabie of binding to and ***** -**»-» * » 

" thridS ' « 4 935 343 discloses an immunoassay meutod for the detection of 



WO 96/22793 



PCI7US96/01448 



-6- 

binds to interleukin-1 beta and blocks the binding of interleukin-1 beta to interleukin-1 
receptors, and thus blocking the biological activity of interleukin-1 beta. The monoclonal 
antibody disclosed in this patent may be obtained by production of an immunogen through 
genetic engineering using recombinant DNA technology. The immunogen is injected into a 
mouse and thereafter spleen cells of the mouse are immortalized by fusing the spleen cells 
with myeloma cells. The resulting cells include the hybrid continuous cell lines (hybridomas) 
that may be later screened for monoclonal antibodies. This patent states that the monoclonal 
antibodies of the invention may be used therapeutically, such as for example, in the 
immunization of a patient, or the monoclonal antibodies may be bound to a toxin to form an 
immunotoxin or to a radioactive material or drug to form a radio pharmaceutical or 
pharmaceutical. 

U.S. Patent No. 4,766,069 discloses a recombinant DNA cloning vehicle having a 
DNA sequence comprising the human interleukin-1 gene DNA sequence. This patent 
provides a process for preparing human interleukin-1 beta, and recovering the human 
interleukin-1 beta. This patent discloses use of interleukin-1 as an immunological reagent in 
humans because of its ability to stimulate T-cells and B-cells and increase immunoglobulin 
synthesis. 

U.S. Patent No. 4,396,601 discloses a method for providing mammalian hosts with 
additional genetic capability. This patent provides that host cells capable of regeneration are 
removed from the host and treated with genetic material including at least one marker which 
allows for selective advantage for the host cells in which the genetic material is capable of 
expression and replication. This patent states that the modified host cells are then returned to 
the host under regenerative conditions. In the present invention, genetic material may be 
directly introduced (a) into host cells in vivo or (b) into synoviocytes in vitro for subsequent 
transplantation back into the patient's joints. 

U.S. Patent No. 4,968,607 discloses a DNA sequence encoding a mammalian 
interleukin-1 receptor protein which exhibits interleukin-1 binding activity. 

U.S. Patent No. 5,081,228 discloses a DNA sequence encoding both the murine and 
human interleukin-1 receptor. This patent also provides a process for the in vitro expression 
of said DNA sequences. 
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imerieukin-l recer-or protein. ^ „,„ Mtaanfa l need 

„ spite of these art *— jnt0 „ lelst one ceU of a 

*- of * mam ' Ml,an " " for . poccss wherein a gene encoding a 
«. mammalia ML M*. *" " » ^.ogica. changes 

^"^1 isaneedforstKhaprt^hereage* 

"* art,n ° S - M ° , Ending domain of «he receptor, 

^ng for the extraceUuiar -1 ^ ^ synovial 

^ of binding to and neu«al»,ng .nterfc* ^ >J fe ^ 

in 1. There is aiso a need to ^ ~ . Mgel M connive tissue ce,, 

such as a synovial cell, so as w 

Mention. Trds m«hod «*- infcai „ g tne connect 

veclM moiecuie containing ft. >~ ^ ^g fte gene coding 

teu e ceil of the mam-*" « «• ^ DNA molecul e eapabie of being 

te the product. The DNA vector ^ ^ fc gwe encoding the 

^ered and mainlined «i*in the targe, -« « ^ ^ ^ ulilittd in 
pr0G „ct of interest can be stabi, «*~* ^ ^ ^ WA yjnl 

molecule. This mewou y the rapeutic use. 
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vector is then used to infect a population of in vitro cultured connective tissue cells, resulting 
in a population of transfected connective cells. These transfected connective tissue cell are 
then transplanted to a target joint space of a mammalian host, effecting subsequent expression 
of the protein or protein fragment within the joint space. Expression of this DNA sequence 
of interest is useful in substantially reducing at least one deleterious joint pathology or indicia 
of inflammation normally associated with a connective tissue disorder. 

The connective tissue cells are selected from the group of connective tissue consisting 
of a synovium, a cartilage, a tendon and a ligament, preferably synovial cells. 

It is also preferred that a retroviral vector, such as MFG, be utilized as the viral 

vector. 

Another preferred step in this ex vivo method is transplantation of transduced cells by 

by intraarticular injection. 

It will be understood by the artisan of ordinary skill that the preferred source of cells 
for treating a human patient are the patients own cells, such as autologous synovial cells. 

More specifically, this method includes employing as the gene a gene capable of 
encoding at least one of the materials which is selected from the group which includes (a) a 
human interleukin-1 receptor antagonist protein or a biologically active derivative or 
fragment thereof, preferably MFG-IRAP, (b) a Lac Z marker gene capable of encoding a 
beta-galactosidase protein or a biologically active derivative or fragment thereof, (c) a soluble 
interleukin-1 receptor protein or a biologically active derivative or fragment thereof, (d) a 
soluble TNF-a receptor protein or a biologically active derivative or fragment thereof; (e) a 
proteinase inhibitor, and (0 a cytokine, and employing as the viral vector at least one vector 
which is selected from the group which includes (a) a retroviral vector including at least one 
of the materials selected from the group which includes MFG and BAG, (b) an 
adeno-associated virus, (c) an adenovirus, and (d) a herpes virus, including but not limited to 
herpes simplex 1 or herpes simplex 2. 

A further embodiment of the present invention includes employing as the gene a gene 
capable of encoding at least one of the materials which is selected from the group which 
includes (a) a human interleukin-1 receptor antagonist protein or a biologically active 
derivative or fragment thereof, (b) a Lac Z marker gene capable of encoding a 



10 



PCTAJS96/01448 
WO 96/22W 

» „g«ed ce,i - — up™ ^ K ^ , ^ M 

sltth mahod is M dire* dehven- of * inclu(ies 

ptasmi d DNA vecor -*«* - - - « ~ ™ of ^ ^ ^ from 

emp^ng as .he gene a - ° f t °^ 8 ;~ uson,. pro*in or bioiogicai.y 
fc g^p which incudes (a, . human mKr, ^™ ^ „ ^ , 

^acosidase P™«»> « "T^*, ^ derivativ e or fragmen. .hereof, (d, a 

receo»r — dertvanve or .hereof, (e, a 

— ^ ^""/r ;i:r a me*od — - - — - 

; inhibitor, and (0 a cyoton. • ^ 

not as a iimiuoon to the present — , * Qf fc cyMmegal „virus 

U^n-l be. OL-D coding sequence «as ^ ljposomes ^ 

♦ , ThU DNA plasmid construction was encapsulate*. 
(CMV) promoter. This DNA pi« expressed and 

of h—ion, as described within .his specflcauo. ^ ^ _ 

8 en« ending a prCuc. £ - - - - ° ^ roeans for 

use in .reanng «« mammal.an hos.. Tlus mem More 
cueing » gene encoding for » pmduc. «o~ „ seiected frora a. ieas. 

30 one of the group which includes (a) at least P° 
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and (d) DEAE-dextian, and includes employing as the gene a gene capable of encoding at 
least one of the materials selected from the group which includes (a) a human interleukin-1 
receptor antagonist protein or biologically active derivative or fragment thereof, (b) a Lac Z 
marker gene capable of encoding a beta-galactosidase protein or biologically active derivative 
or fragment thereof, (c) a soluble interleukin-1 receptor protein or biologically active 
derivative or fragment thereof, (d) a soluble TNF-a receptor protein or a biologically active 
derivative or fragment thereof; (e) a proteinase inhibitor, and (f) a cytokine. 

A further embodiment of this invention provides an additional method for introducing 
at least one gene encoding a product into at least one cell of a connective tissue of a 
mammalian host for use in treating the mammalian host. This additional method includes 
employing the biologic means of utilizing a virus to deliver the DNA vector molecule to the 
target cell or tissue. Preferably, the virus is a psuedovirus, the genome having been altered 
such that the psuedovirus is capable only of delivery and stable maintenance within the target 
cell- but not retaining an ability to replicate within the target cell or tissue. The altered viral 
genome is further manipulated by recombinant DNA techniques such that the viral genome 
acts as a DNA vector molecule which contains the heterologous gene of interest to be 
expressed within the target cell or tissue. This method also includes employing as the gene a 
gene capable of encoding at least one of the materials selected from the group which includes 
(a) a human interleukin-1 receptor antagonist protein or biologically active derivative or 
fragment thereof, (b) a Lac Z marker gene capable of encoding a beta-galactosidase protein 
or biologically active derivative or fragment thereof, (c) a soluble interleukin-1 receptor 
protein or biologically active derivative or fragment thereof, (d) a soluble TNF-a receptor 
protein or a biologically active derivative or fragment thereof, (e) a proteinase inhibitor, and 
(0 a cytokine. 

A further embodiment of this invention provides for an animal model to study connec- 
tive tissue pathologies and indices of systemic inflammation. This model utilizes either 
ex vivo or in vivo delivery of at least one gene or DNA sequence of interest encoding a 
product into a least one cell of a connective tissue of a mammalian host. Examples of joint 
pathologies which can be studied in the present invention include, but are by no means 
limited to, joint pathologies such as leukocytosis, synovitis, cartilage breakdown and 
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30 



suppression of cartilage matrix synthesis. Examples of indices of systemic Ml—" 
11 inciude, bu, - by no means limUed ,o. ervduocyK sedition rate, fever and 

^embodiment of the present — is a method » produce an anima, mode, for 
«. study of join, fogies. This embodiment comprises generating a recombinant vrr. 
1« which contains a DNA sequence encoding a pro*in or biologically active ragmen, 
mereof, infecting a population of m vim, cul«,red connective tissue cells with sa,d 
r«ombin»n, viral vecti*. resulting in a population of transfected connective cells; and. 

Impression of « P-in wimin said join, space — ^ « ~ 
<JLus join, pamoiogy or indicia of inflammation normally associated w* a connective 

^ ti— - - - * — » - - — - * e r:: f 

^nective tissue consisting of a synovium, a cartilage, a «ndon and a 

^aM cells, including bu, no, limued . autologous cells removed dtrectiy from me 

mammalian host of which the urge, joint resides. 

As with o*er based me-hods disclosed throughout tins specncation, 

p^ble memod o, transition of uansduced connective cells, such as synoval ceils, 

^ "T^Lemp,^ for animal — stud.es is a DNA seoue^ encoding 
encoding human IL-1« or a biologically active fragment thereof. 

Iter DNA seau^ce exemplified for animal mode, studies is a DNA sequence 
encoding human <umor necrosis factor-a or a biotogically active fragment thereof. 

Lfcer embodiment of a method «, produce an ammal mode, for the stud, of ,0m, 
fogies utiles a recombinant DNA plasmid vecti, which conuins 
les, eroding a p^n or biologically active fragmeo, ^^~£Z Z 
olasmid vector is use. «o uansform a population of in *» cultured connective tissue cells. 
T1*Z connective cells, preferably synovia, ceils, are uansp,an«d to a jo,n, space 
"a ZmaHan hos, so as » provide d*a regarding various join, pauses and system* 
indices of inflammation associaed wi,h con«ctive tissue disorders. 
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This particular embodiment is exemplified by the ex vivo based delivery of 
MFG-IL-16 to a target rabbit knee joint, causing various joint pathologies and systemic 

indices of inflammations. 

Another exemplification of this particular embodiment of the present invention is 
delivery of the CMV-IL-lfl plasmid construction to the rabbit knee joint via 
liposome-mediated delivery. 

An animal model as described and exemplified in this specification measures the 
ability of various gene therapy applications disclosed throughout this specification to 
withstand challenges from known causative agents (such as IL-lfl) of joint pathologies and 

inflammatory side effects. 

An additional embodiment of the present invention relates to a method of using a 
DNA sequence encoding a biologically active interleukin-1 receptor antagonist (IRAP) or 
portion thereof for treatment of connective tissue joint pathologies. The DNA sequence 
encoding IRAP or a biologically active fragment thereof may be delivered to the connective 
tissue of a mammalian host by any combination of various vector strategies and transduction 
techniques disclosed throughout this specification. 

A preferred method of the embodiment of delivering IRAP to a target joint space 
involves delivery of the IPAP gene to the synovial lining of a mammalian host through use of 
a retroviral vector with the ex vivo technique disclosed within this specification. In other 
words, a DNA sequence of interest encoding a functional IPAP protein or protein fragment is 
subcloned into a retroviral vector of choice, the recombinant viral vector is then grown to 
adequate titers and used to infect in vitro cultured synovial cells, and the transduced synovial 
cells, preferably autografted cells, are transplanted into the joint of interest, preferably by 

intra-articular injection. 

Another preferred method of the present invention involves direct in vivo delivery of 
the IRAP gene to the synovial lining of a mammalian host through use of either an 
adenovirus vector, adeno-associated virus (AAV) vector or herpes-simples virus (HSV) 
vector. In other words, a DNA sequence of interest encoding a functional IRAP protein or 
protein fragment is subcloned into the respective viral vector, the IRAP containing viral 
vector is then grown to adequate titers and directed into the joint space, preferably by 
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particular injection. A rem-viral-IRAP construct, «h as MFG-IRAP ma, also be 

to M P— — — *» ,issue M " s r T ,o 

DM intra-articular injection of a DNA molecule containing the gene of .merest tnto 

X- of -ovai, in *~ — , transaction, selection, as we„ as transiting *e 

veaor containing - synovites (as disclosed in ft. Example section) to promoK 
stable expression of the heterologous gene of interest. Method of presenting the DNA 
m „lec U le to the target conneenve tissue of the joint includes, but is not limned to, 
lotion of th! DNA molecule into cationic liposomes, subdoning the DNA sequence 
ZL , a — v- as desert throughout » <P— - 
„, the DNA module Wf into the joint. The DNA molecule, regardless of *e fonn of 
potion to the knee joint, is prefe^y presented as a DNA vector mo,ecu.e, e, «K as 
Lmbinan, vira, DNA ve«or molecule or a recombinant DNA p,asmid ve«or mo ^ 
Expression o, the heteroiogous gene of interest is ensured by inserting a promoter fragment 
Jve in eultaryotic ceUs direct* upstream of the coding region of the heterologous gene. 
Cfce of ordinary skill in the art may utilise known strategies and techniques . vector 
^.ion to ensure a.propm* level, of expression subsequent to entry of the DN A 
.ndecule into the synovia, tissue. * *. deliver of various viral and non-vtra, vectors to 
the rabbit knee joint are described in Example XIV. 

Anofter embodiment of the present invention is delivery of a DNA sequence of 
iM eres« to the connective issue of a mammalian host by any of the methods 
ruction so as to effect in - expression of * human TNF-c soluble receptor or a 

biologically active fragment thereof. 

Another embodiment of the present invention is delivery of a DNA sequence of 
interest to the connective tissue of , mammalian host by an, of ft, , metht* d.scloa* 
this specification so as to effect in «. expression o, various cytokmes whtch po« s 
JnLnmatory and immunomodulatory chancKristics, includtng bu, by no means „m«ed 

to interleukin-4 and interleukin-10. 

Another embodiment of the present invention is delivery of a DNA sequo.ee of 
inl e«s,T,he connective tissue of a mammalian host by an, of the methods disclosed w,ft, 
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this specification so as to effect in vivo expression of various antiadhesion molecules so as to 
inhibit cell-cell and cell-matrix interactions. Examples of such proteins or protein fragments 
include but are not limited to soluble ICAM-1 and soluble CD44. 

Another embodiment of the present invention is delivery of a DNA sequence of 
interest to the connective tissue of a mammalian host by any of the methods disclosed within 
this specification so as to effect in vivo expression of various cartilage growth factors, 
including but not limited to IGF-1 and TGF-fl. 

Another embodiment of the present invention is delivery of a DNA sequence of 
interest to the connective tissue of a mammalian host by any of the methods disclosed withm 
this specification so as to effect in vivo expression of various free radical antagonists, thus 
preventing the deleterious effects of free radical formation within the afflicted joint. 
Examples include but are not limited to the superoxide dismutase and proteins or protem 

fragments which inhibit NO. 

Another embodiment of the present invention regarding delivery of the IRAP gene to 
the synovial lining of a mammalian host involves use subcloning this DNA sequence of 
interest into a viral vector such as adenovirus, adeno-associated virus and herpes-s.mplex 
virus The respective recombinant IRAP based viral vector is then delivered to the jomt by 
direct in vivo injection so as to effect in vivo expression of the IRAP protein or biolo gl cally 

active fragment thereof. 

Another embodiment of this invention provides a method of using the gene encodmg 
an extracellular interleukin-1 binding domain of the interleukin-1 receptor. This gene .s 
capable of binding to and neutralizing interleukin-1 in vivo to substantially resist the degrada- 
tion of cartilage in a mammalian host. Unlike previous pharmacological efforts, the method 
of this invention employs gene therapy in vivo to address the chronic debilitating effects of 

arthritis. . 

A preferred method of using the gene coding for the truncated interleukm-1 receptor 

of this invention involves employing recombinant techniques to generate a cell line which 

produces infectious retroviral particles containing the gene coding for the truncated 

interleukin-1 receptor. The producer cell line is generated by inserting the gene coding «*> 
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into a retrovirus packaging cell line to obtain a cell line producing infectious retroviral 
particles carrying the gene. 

Another embodiment of this invention provides a method of preparing a gene 
encoding an extracellular interleukin-1 binding domain of the interleukin-1 receptor including 
synthesizing the gene by a polymerase chain reaction, introducing the amplified interleukin-1 
receptor coding sequence into a retroviral vector, transfecting the retroviral vector into a 
retrovirus packaging cell line and collecting viral particles from the retrovirus packaging cell 
line. 

In another embodiment of this invention, a compound for parenteral administration to 
a patient in a therapeutically effective amount is provided for that contains a gene encoding 
an extracellular interleukin-1 binding domain of the interleukin-1 receptor and a suitable 
pharmaceutical carrier. 

Another embodiment of this invention provides for a compound for parenteral 
administration to a patient in a prophylactically effective amount that includes a gene 
encoding an extracellular interleukin-1 binding domain of the interleukin-1 receptor and a 
suitable pharmaceutical carrier. 

An additional embodiment of the invention involves transfection of hematopoietic 
progenitor cells or mature lymphoid or myeloid cells with a DNA vector molecule containing 
any of the gene or genes disclosed throughout the specification. The transfected cells are 
recovered and injected into the bone marrow of the patient using techniques known and 
available to one of ordinary skill in the art. It will be possible, within the scope of this 
method, to use cells derived from donor bone marrow instead of cells derived from recipient 
bone marrow so as to modify rejection. 

It is an object of the present invention to provide a method of introducing at least one 
gene encoding a product into at least one cell of a connective tissue of a mammalian host for 
use in treating the mammalian host. 

It is an object of the invention to provide a method of introducing a gene encoding a 
product into at least one cell of a connective tissue of a mammalian host for a therapeutic 
use. 
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It is an object of the present invention to provide a method of using in vivo a gene 
coding for IRAP or a biologically active derivative thereof which is a competitive inhibitor of 
and therefore substantially neutralizes all isoforms of interleukin-1 for the treatment of 

patients with arthritis. 

It is an object of the present invention to provide a method of using in ms a gene or 
genes that address the chronic debilitating pathophysiology of arthritis. 

It is a further object of the present invention to provide a compound for parenteral 
administration to a patient which comprises a gene encoding an extracellular interleukin-1 
binding domain of the interleukin-1 receptor and a suitable pharmaceutical carrier. 

It is a further object of the present invention to provide a compound for parenteral 
administration to a patient which comprises a gene encoding IRAP and a suitable 
pharmaceutical carrier. 

These and other objects of the invention will be more fully understood from the 
following description of the invention, the referenced drawings attached hereto and the claims 
appended hereto. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the structure of the cDNA encoding the human interleukin-1 receptor 
antagonist protein (IRAP) gene inserted into the Ncol and BamHI cloning sites of the 

retroviral vector MFG. 

Figure 2 shows the structure of the cDNA encoding the human interleukin-1 receptor 
antagonist protein (IRAP) gene with a selectable neo marker inserted into the retroviral 
vector MFG. 

Figure 3 shows a micrograph of synovium recovered from the knee of a rabbit 
approximately one month after intra-articular injection of Lac Z\ neo synoviocytes 
employing the methods of this invention. 

Figure 4 shows a Western blot demonstrating the production of interleukin-1 receptor 
antagonist protein by four cultures of HIG-82 cells (Georgescu, et al., 1988, In Vitro 24: 
1015-1022) infected using the method of this invention employing the MFG-IRAP viral 
vector. 
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cytospinning. (c) Stained cytospin preparation of lavages from IRAP-secreting knee injected 
withIL-1. The preparation was not diluted. 

Figure 13 shows suppression of IL-1 induced loss of proteoglycans from articular 
cartilage. Either naive or IRAP-transduced HIG-82 cells were transplanted into rabbits knee 
joints. Three days later, 0-200 pg/knee hrIL-1 was intra-articularly injected at the indicated 
doses. The following day, knee joints were lavaged and the level of glycosaminogl yeans 
(GAG) as an index of cartilage breakdown was determined. 

Figure 14A-D shows suppression of IL-1 mediated synovial changes in knees 
expressing IRAP. Ten pg hrlL-lB was injected intra-articularly in each case. Synovia were 
harvested 18 hours after injection of IL-lfl, i.e. 4 days after transplantation of naive or 
IRAP-secreting HIG-82 cells, (a) Control synovium following injection of IL-1, 
magnification x 10. (b) IRAP-secreting synovium following injection of IL-1, magnification x 
10. (c) Control synovium following injection of IL-1, magnification x 160. (d) IRAP- 
secreting synovium, magnification x 160. 

Figure 15 shows expression of human IRAP in normal and arthritic knees of rabbits. 
Antigen-induced arthritis was initiated by injecting 5mg ovalbumin into one knee joint 
(arthritic knee) of pre-sensitized rabbits on day 1. The contralateral knee (non-arthritic knee) 
received carrier solution only. On day 2, autologous synoviocytes (10 7 /knee in 1ml saline) 
were transferred to selected knee joints by intraarticular injection. Certain non-arthritic 
knees and arthritic knees received cells transduced with the human IRAP gene. Other 
non-arthritic and arthritic knees received untransduced cells or cells transduced with lac Z 
and neo' genes (controls). As the results obtained with these two types of control cells were 
indistinguishable, they have been pooled in the figures. Detailed methods for synoviocyte 
culture, transduction and intraarticular implantation are disclosed throughout this specification 
On day 4, knees were lavaged with 1 ml saline. On day 7, rabbits were killed and the 
knees again lavaged. The concentrations of human IRAP in the lavage fluids were determined 
by ELISA using a commercial kit (R&D Systems, Minneapolis, MN). Values given are 
means ± S.E. Numbers of knees are shown above each column. Asterisks denote values 
which differ at p< 0.05 (t-test). 
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Figure ,6 show, concentrations of M .U-.B in the normal and arthritic *nee jotnts 
of rabbits Experimental conditions were identical to those described .n Ftgure 15 . 
Her lavage fluids were assayed for rabbit n,l. and rabbi. .L->» by R1A us,ng a 
Imerctal tt (Cytokine Sciences, Boston, MA). U. levels of n,.. « ■» 
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which differ at p < 0.05 (t-test). metabolism 
Fi8ure 17A-B shows the effect of .RAP gen. ..ansfer on cartilage matnx m « 
Experiment* conditions were as described for Figure .5, except that rabb.ts were *«ed bo* 
- Zs 4 and 7 GAG concentrations in the lavage fluids (Figure 17a) were measured 

B^hy Ac* 883: 173-177). Fragments of articuiar cartilage were shaved from femo« 
tL of the knees and GAG synthesis (Figure .7b) was measured as the upuke of SO. 
nSiST-— as describe W « »* W - ~ 
^."Z. Resmuareshownineachcaseaspercentofconuo.. 
means ± S.E. Numbers of knees are shown above each column. 

Figure 18 shows effects of IRAP gene transfer on leucocytosis. Expenmen, 
^ition were identical to those described in Figure 15. Numbers of ,e«kocv«s ,n *e 
fluids were dearmined with a hemcvtome*. Values shown „ -« ± «■ 
Numbers of knees are shown abce each column. Asterisks dene* values whtch dtffer 
p<O.05 (t-test). 

CFTi*iI* "^rRlPTlOM OF THF 1NVF.NT1QK 
As used heron, the term -patient" includes members of the animal kingdom 

a cartilage, a tendon, and a synovium of a mammals host. 
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As used herein, the term "DC-chol" means a cationic liposome containing cationic 
cholesterol derivatives. The "DC-chol" molecule includes a tertiary amino group, a medmm 
length spacer arm (two atoms) and a carbamyol linker bond as described in Bioto 
mh r p,< Commun. . 179:280-285 (1991), X. Gao and L. Huang. 

As used herein, "SF-chol" is defined as a type of cationic liposome. 
As used herein, the term "biologically active' used in relation to liposomes denotes 
the ability to introduce functional DNA and/or proteins into the target cell. 

As used herein, the term "biologically active" in reference to a nucleic acid, protem, 
protein fragment or derivative thereof is defined as an ability of the nucleic acid or amino 
acid sequence to mimic a known biological function elicited by the wild type form of the 

nucleic acid or protein. 

As used herein, the term "maintenance", when used in the context of liposome 
delivery denotes the ability of the introduced DNA to remain present in the cell. When 
used in other contexts, it means the ability of targeted DNA to remain present in the targeted 
cell or tissue so as to impart a therapeutic effect. 

Connective tissues are difficult organs to target therapeutically. Intravenous and oral 
routes of drug delivery that are known in the art provide poor access to these connecuve 
tissues and have the disadvantage of exposing the mammalian host body systemually to the 
therapeutic agent. More specifically, known intra-articular injection of joints provides dtrect 
access to a joint. However, most of the injected drugs have a short intra-articular half-hfe. 
Tne present invention solves these problems by introducing into the connective ussue of a 
mammalian host genes encoding for proteins that may be used to treat the mammalian host. 
More specifically, this invention provides a method for introducing mto the connects ussue 
of a mammalian host genes encoding for proteins with anti-arthritic properties. 

The present invention provides a method of introducing at least one gene encodmg a 
product into at least one cell of a connective tissue of a mammalian host for use in treating 
the mammalian host which comprises employing recombinant techniques to produce a v.ral 
vector which contains the gene encoding for the product, and infecting the connective ussue 
cell of the mammalian host using the viral vector containing the gene coding for the product. 
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A preferred method of the embodiment of delivering 1RAP to a target joint space 
involves delivery of the IPAP gene to the synovial lining of a mammalian host through use of 
a retroviral vector with the ex vivo technique disclosed within this specification. In other 
words, a DNA sequence of interest encoding a functional IRAP protein or protein fragment 
is subcloned into a retroviral vector of choice, the recombinant viral vector is then grown to 
adequate titers and used to infect in vitro cultured synovial cells, and the transduced synovial 
cells, preferably autografted cells, are transplanted into the joint of interest, preferably by 

intra-articular injection. 

In another embodiment of this invention, the method as hereinbefore described 
includes employing as the gene a Lac Z marker gene capable of encoding a beta-galactc- 
sidase. 

In another embodiment of this invention, the method as hereinbefore described 
includes employing as the gene a gene capable of encoding a soluble interleukin-1 receptor. 

In another embodiment of this invention, the method as hereinbefore described 
includes employing as the gene a gene capable of encoding a soluble TNF-a receptor. 

Another embodiment of this invention includes the method as hereinbefore described 
including employing as the gene a gene capable of encoding at least proteinase inhibitor. 
More specifically, this method preferably includes employing a tissue inhibitor of a 
metalloproteinases as the proteinase inhibitor. 

Another embodiment of this invention includes the method as hereinbefore described 
including employing as the gene a gene capable of encoding at least one cytokine. More 
specifically, this method includes employing as the cytokine at least one material selected 
from the group consisting of interleukin-1 alpha (IL-la), interleukin-1 beta (IL-lfl), 
interleukin-2 (IL-2), interleukin-3 (IL-3), interleukin-4 (IL-4), interleukin-5 (IL-5), 
interleukin-6 (IL-6), interleukin-7 (IL-7), interleukin-8 (IL-8), interleukin-9 (IL-9), 
interleukin-10 (IL-10), interleukin-1 1 (IL-11), interleukin-12 (IL-12). tumor necrosis factor-a 
(TNF-a), and tumor necrosis factor-fl (TNF-B). 

A further embodiment of this invention includes a method as hereinbefore described 
including employing as the cytokine at least one transforming growth factor. More 
specifically, this method includes employing as the transforming growth factor a growth 
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from the group consisting of MFG and BAG and including employing as the gene a gene 
capable of encoding at least one cytokine as hereinbefore described. 

In another embodiment of this invention, a method is provided for introducing at least 
one gene encoding a product into at least one cell of a connective tissue of a mammalian host 
5 for use in treating the mammalian host which comprises employing recombinant techniques 
to produce a viral vector which contains the gene encoding for the product and infecting the 
connective tissue cell of the mammalian host using the viral vector containing the gene 
coding for the product, wherein the viral vector is at least one vector selected from the group 
consisting of an adeno-associated virus, an adenovirus, and a herpes virus, such as herpes 
10 simplex type-1 or herpes simplex type-2. This method includes employing as the gene a 
gene capable of encoding at least one material selected from the group which includes (a) a 
human interleukin-1 receptor antagonist protein, (b) a soluble interleukin-1 receptor, (c) a 
Lac Z marker gene capable of encoding a beta-galactosidase, (d) at least one proteinase 
inhibitor and (e) at least one cytokine. More specifically, this method includes employing a 
15 tissue inhibitor of metalloproteinases as the proteinase inhibitor and includes employing as 
the cytokine at least one of the materials selected from the group which includes (a) at least 
one transforming growth factor selected from the group consisting of TGF-beta„ TGF-beta 2 , 
TGF-beta„ and TGF-alpha, (b) at least one fibroblast growth factor, (c) IL-la, (d) IL-18, (e) 
IL-2 (f) IL-3, (g) IL-4, (h) IL-5, (i) IL-6, 0) IL-7. (k) IL-8. (1) IL-9, (m) IL-10, (n) IL-11, 

20 (o) IL-12, (p) TNF-o, and (q) TNF-6 

Another embodiment of this invention includes the method as hereinbefore described 
including introducing the gene into a connective tissue which tissue is selected from the 
group consisting of a ligament, a cartilage, a tendon, and a synovium. It is preferable that 
this method includes employing a cruciate ligament as the ligament. Most preferable this 

25 method includes employing as the cruciate ligament a ligament selected from the group 
consisting of an anterior cruciate ligament and a posterior cruciate ligament. 

Another embodiment of this invention includes the method as hereinbefore described 
including employing as the gene a gene having DNA that is capable of maintenance and 
expression. 
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Ca 3 (P0 4 ) 2 , eiectroporation, and DEAE-dextran. This method includes employing as the 
liposome a material selected from the group consisting of DC-chol and SF-chol. 

It will be understood that the method of this invention of introducing at least one 
gene encoding a product into at least one cell of a connective tissue of a mammalian host for 

5 use in treating the mammalian host that includes employing non-viral means for introducing 
the gene encoding for the product into the connective tissue cell is a non-infectious delivery 
system. An advantage of the use of a non-infectious delivery system is the elimination of 
insertional mutagenesis and virally induced disease. 

It will be appreciated by those skilled in the art, that the viral vectors employing a 

10 liposome are not limited by cell division as is required for the retroviruses to effect infection 
and integration of connective tissue cells. This method employing non-viral means as herein- 
before described includes employing as the gene a gene capable of encoding at least one of 
the following materials selected from the group which includes (a) a human interleukin-1 
receptor antagonist protein, (b) a Lac Z marker gene capable of encoding a 

15 beta-galactosidase, (c) a soluble interleukin-1 receptor, (d) at least one proteinase inhibitor, 
(e) at least one transforming growth factor, and (0 at least one cytokine. More specifically, 
this method includes employing as the cytokine a cytokine selected from the group which 
includes IL-la, IL-1B, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, 
TNF-a, and TNF-fi, and at least one fibroblast growth factor. Preferably, IL-4 and IL-10 

20 are the selected cytokines. Preferably, this method includes employing as the transforming 
growth factor a growth factor selected from the group consisting of TGF-beta ( , TGF-beta 2 , 
TGF-beta 3 , and TGF-alpha. 

High levels of collagenase and other tissue metalloproteinases, such as stromelysin 
and gelatinase can be expressed in the presence of IL-1 within connective tissue. 

25 Collagenase, stromelysin, and gelatinase are inhibited by the protein TIMP ("Tissue Inhibitor 
of MetalloProteinases"). Therefore, another preferred embodiment of this invention includes 
providing the method employing non-viral means as hereinbefore described which includes 
employing a tissue inhibitor of metalloproteinases (TIMP) as the proteinase inhibitor. This 
method employing non-viral means for introducing the gene encoding for the product into the 

30 connective tissue cell as hereinbefore described includes introducing the gene into the 
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A particular embodiment of the present invention which relates to such an animal 
model is utilization of the ex vivo based delivery of a DNA sequence encoding human IL-lfl 
gene to the synovial lining of the rabbit knee. In this embodiment, the human IL-1B gene 
was subcloned into the MFG retroviral vector by known methods, resulting in MFG-IL-1B. 
This recombinant retroviral construct was used to transduce autologous synovial cells 
cultured in vitro. These transduced cells were then delivered to the rabbit knees as described 
throughout this specification. Delivery of the human IL-1B gene to the synovial lining of the 
rabbit knee in this fashion caused a sever, chronic, monarticular arthritis. Pathologies 
included leukocytosis, synovitis, cartilage breakdown and suppression of cartilage matrix 
synthesis. Various systemic indices of inflammation were also effected, including an 
increased erythrocyte sedimentation rate, fever and weight loss. 

In another example of this particular embodiment of the present invention, the 
human IL-1B gene was subcloned into a DNA plasmid vector, downstream of a CMV 
promoter. This CMV-IL-1B plasmid construct was encapsulated in liposomes and delivered 
to a target joint space as described in Example X. Forty eight hours subsequent to injection 
1 ng on IL-1B was recovered from the knee joint area. 

An animal model as described and exemplified in this specification measures the 
ability of various gene therapy applications disclosed throughout this specification to 
withstand challenges from known causative agents (such as IL-1B) of joint pathologies and 

inflammatory side effects. 

Another preferred method of the present invention involves direct in vivo delivery of 
the IRAP gene to the synovial lining of a mammalian host through use of either an 
adenovirus vector, adeno-associated virus (AAV) vector or herpes-simples virus (HSV) 
vector. In other words, a DNA sequence of interest encoding a functional IPAP protein or 
protein fragment is subcloned into the respective viral vector, the IRAP containing viral 
vector is then grown to adequate titers and directed into the joint space, preferably by 
intra-articular injection. A retroviral-IRAP construct, such as MFG-IRAP may also be 
utilized to directly target previously inflamed connective tissue cells within the joint space. 

Direct intra-articular injection of a DNA molecule containing the gene of interest into 
the joint results in transfection of the recipient synovial cells and hence bypasses the 
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prevent the development of arthritis in a mammalian host having a high susceptibility of 
developing arthritis. Further, this method includes employing the method on an arthritic 
mammalian host for a therapeutic use. This method includes employing the method to repair 
and regenerate the connective tissue which tissue is selected from the group consisting of a 
ligament, a cartilage, a tendon, and a synovium. 

A further embodiment of this invention provides a method of introducing at least one 
gene encoding a product into at least one cell of a connective tissue of a mammalian host for 
use in treating the mammalian host which includes employing non-viral means in vivo for 
directly introducing the gene encoding for the product into the connective tissue cell of the 
mammalian host. The non-viral means is selected from the group consisting of at least one 
liposome, Ca,(P0 4 ) 2 and DEAE-dextran. Preferably, this method includes effecting the 
in vivo introduction into the mammalian host by intra-articular injection. This method 
includes employing the method to substantially prevent the development of arthritis in a 
mammalian host having a high susceptibility of developing arthritis. Further, this method 
includes employing the method on an arthritic mammalian host for a therapeutic use. This 
method also includes employing the method to repair and regenerate the connective tissue 
which tissue is selected from the group consisting of a ligament, a cartilage, a tendon, and a 
synovium. 

Another embodiment of the present invention is a method to produce an animal model 
for the study of connective tissue pathology. As will be understood by those skilled in the 
art, over-expression of interleukin-1 in the joint of a mammalian host is generally responsible 
for the induction of an arthritic condition. This invention provides a method for producing 
an animal model using the hereinbefore described gene transfer technology of this invention. 
Preferably, the method of this invention provides a method for producing an animal model 
using the hereinbefore described gene transfer technology of this invention to effect an 
animal model for arthritis. For example, constitutive expression of interleukin-1 in the joint 
of a rabbit following the method of gene transfer provided for by this invention leads to the 
onset of an arthritic condition. It will be appreciated by those skilled in the art that this 
rabbit model is suitable for use for the testing of therapeutic agents. This method includes 
introducing at least one gene encoding a product into at least one cell of a connective tissue 
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active derivative or fragment thereof and (0 a cytokine, and employing as the DNA vector 
any DNA vector, preferably a plasmid or viral vector, known to one of ordinary skill in the 
art capable of stable maintenance within the targeted cell or tissue upon delivery, regardless 
of the method of delivery utilized. In one embodiment of the invention, synoviocytes are 
transfected in vivo subsequent to direct intra-articular injection of a DNA molecule contaming 
the gene of interest into the joint. Transfection of the recipient synovial cells bypasses the 
requirement of removal, culturing, in vitro transfection, selection and transplanting the DNA 
vector containing - synoviocytes (as disclosed in the Example section) to promote stable 
expression of the heterologous gene of interest. Methods of injecting the DNA molecule uito 
the joint includes, but is not limited to, encapsulation of the DNA molecule into canonic 
liposomes or the direct injection of the DNA molecule itself into the joint. Expression of the 
heterologous gene of interest subsequent to in vivo transfection of the synovial tissue is 
ensured by inserting a promoter fragment active in eukaryotic cells directly upstream of the 
coding region of the heterologous gene. One of ordinary skill in the art may utilize known 
strategies and techniques of vector construction to ensure appropriate levels of expression 
subsequent to entry of the DNA molecule into the synovial tissue. As an example, and not a 
limitation, of the present invention, a DNA plasmid vector containing the IL-lfi coding 
sequence ligated downstream of the CMV promoter was encapsulated within liposomes and 
injected into the knee joints of recipient rabbits. Interleukin-1 beta was expressed in synovial 
tissue, as significant amounts of interleukin-1 beta was recovered from the synovial ussue 
within the region of intra-articular injection. 

A further embodiment of this invention provides an additional method for introduce 
at least one gene encoding a product into at least one cell of a connective tissue of a 
mammalian host for use in treating the mammalian host. This additional method includes 
employing the biologic means of utilizing a virus to deliver the DNA vector molecule to the 
target cell or tissue. Preferably, the virus is a psuedovirus, the genome having been altered 
such that the psuedovirus is capable only of delivery and stable maintenance within the target 
cell- but not retaining an ability to replicate within the target cell or tissue. The altered viral 
genome is further manipulated by recombinant DNA techniques such that the viral genome 
acts as a DNA vector molecule which contains the heterologous gene of interest to be 
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expressed within the target cell or tissue. This method also includes employing as the gene a 
gene capable of encoding at least one of the materials selected from the group which includes 
(a) a human interleukin-1 receptor antagonist protein or biologically active derivative or 
fragment thereof, (b) a Lac Z marker gene capable of encoding a beta-galactosidase protem 
or biologically active derivative or fragment thereof, (c) a soluble interleukin-1 receptor 
protein or biologically active derivative or fragment thereof, (d) a proteinase inhibitor and (e) 
a soluble tumor necrosis factor receptor protein or a biologically active derivative or 

fragment thereof and (0 a cytokine. 

The following examples are offered by way of illustration of the present 

invention, and not by way of limitation. 

FX AMPLE I 

Pffl1fflg in g nf AAV 

The only sis-acting sequences quired for replication and packaging of recombinant 
adeno-associated virus (AAV) vector are the AAV terminal repeats. Up to 4 kb of DNA can 
be inserted between the terminal repeats without effecting viral replication or packaging. 
The virus rep proteins and viral capsid proteins are required in trans for virus replication as 
is an adeno-associated virus helper. To package a recombinant AAV vector, the plasrmd 
containing the terminal repeats and the therapeutic gene is co-transfected into cells with a 
plasmid that expresses the rep and capsid proteins. The transfected cells are then .nfected 
with adeno-associated virus and virus isolated from the cells about 48-72 hours 
post-transfection. The supernatants are heated to about 56« Centigrade to inactivate the 
adeno-associated virus, leaving a pure virus stock of recombinant AAV. 

EXAMPLE II 

filegtmporation 

The connective tissue cells to be electroporated are placed into Hepes buffer sahne 
(HBS) at a concentration of about 10' cells per ml. The DNA to be electroporated is added 
at a concentration of about 5-20 ug/ml of HBS. The mixture is placed into a cuvette and 
inserted into the cuvette holder that accompanies the Bio-RAD electroporation devtce (1414 
Harbour Way South, Richmond, CA 94804). A range between about 250 and 300 volts at a 
capacitance of about 960 ufarads is required for introduction of DNA into most eukaryouc 
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eell types. Once the DNA and the cells are inserted into the Bio-RAD holder, a button is 
pushed and the set voltage is delivered to the cell-DNA solution. The cells are removed 

from the cuvette and replated on plastic dishes. 

SAMPLE III 

The cDNA encoding the human interleukin-1 receptor antagonist (IRAP) was inserted 
into the Ncol and BamHI cloning sites of the retroviral vector MFG as shown in Figure 1. 
Specifically, a Pstl to BamHI fragment from the IRAP cDNA was linked to a synthetic 
oligonucleotide adapter from the Ncol site (representing the start site of translation for IRAP) 
to the Pstl site (approximately 12 base pairs downstream from the Ncol site) to the MFG 
backbone digested at Ncol and BamHI in a three part ligation reaction. This three part 
ligation involving a synthetic oligo and two DNA fragments is well known by those skilled in 
the art of cloning. LTR means long terminal repeats, 5'SD means 5' splice donor, 3'SA 
means 3' splice acceptor. The straight arrow and the crooked arrow in Figure 1 represent 
unspliced and spliced messenger RNAs respectively. IRAP is encoded by the spliced 
message. 

Figure 2 shows the cDNA encoding the human interleukin-1 receptor antagonist 
protein (IRAP) with a selectable neo gene marker. Figure 3 shows a low power micrograph 
of synovium recovered from the knee of a rabbit one month after intra-articular injection of 
Lac Z\ neo* synoviocytes. Tissue was stained histochemically for the presence of 
beta-galactosidase. This micrograph counterstained with eosin revealed an area of intensely 
stained, transplanted cells demonstrating that these cells have colonized the synovial lining of 
the recipient joint. 

F.X AMPLE IV 

A n ima1 Models 

The methods of this invention of transferring genes to the synovia of mammalian 
joints permit the production and analysis of joint pathologies that were not previously 
possible This is because the only other way of delivering potentially arthriotogenic 
compounds to the joint is by intra-articular injection. Not only are such compounds quickly 
cleared from joints, but the effects of bolus injections of these compounds do not accurately 
mimic physiological conditions where they are constantly produced over a long period of 
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culture vessel. The detached cells are recovered, re-seeded into 25 cm 2 culture vessels at a 
1:2 split ratio, medium is added and the culture returned to the incubator. At confluence this 
procedure is repeated. 

After the third such passage, the cells are uniformly fibroblastic and comprise a 
5 homogeneous population of Type B synoviocytes. At this stage, cells are infected with the 
retroviral vector. 

Following infection, cells are transferred to fresh nutrient medium supplemented with 
about 1 mg/ml G418 (GIBCO/BRL, P.O. Box 68, Grand Island, NY 14072-0068) and 
returned to the incubator. Medium is changed every three days as neo cells die and the 

10 neo + cells proliferate and attain confluency. When confluent, the cells are trypsinized and 

subcultured as described above. One flask is set aside for staining with X-gal to confirm that 
the neo + cells are also Lac Z+. When the subcultures are confluent, the medium is 
recovered and tested for the presence of IRAP, soluble IL-1R or other appropriate gene 
products as hereinbefore described. Producing synoviocyte cultures are then ready for 

15 transplantation. 

The day before transplantation, the cells are recovered by trypsinizing, as 
hereinbefore described. These cells are then suspended in nutrient medium, and incubated 
overnight in an untreated plastic centrifuge tube. Under these conditions, the cells do not 
adhere, but they regenerate their cell surface proteins that were removed by trypsinizing. 

20 ^ following morning, the cells are recovered by centrifuging, washed several times 

by resuspension in Gey's Balanced Salt Solution and finally resuspended at a concentration of 
about 10M0 7 cells/ml in Grey's solution. Approximately 1 ml of this suspension is then 
introduced into the knee joint of a recipient rabbit by intra-articular injection. For this 
purpose a 1 ml syringe with a 25-gauge hypodermic needle is used. Injection is carried out 

25 through the patellar tendon. Experiments in which radiopaque dye was injected have 
confirmed that this method successfully introduces material into all parts of the joint. 

Variations on the disclosed harvesting, culture and transplantation conditions in regard 
to the numerous examples presented within this specification will be evident upon inspection 
of this specification. Several tangential points may be useful to one practicing the ex vivo 

30 based gene therapy portion of the disclosed invention: 
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suprapatellar, infrapatellar, and lateral aspects of the knee during aspiration helps to increase 
the amount of fluid recovered; in general, it should be possible to recover ;> 0.5 ml of fluid. 
When knees are badly inflamed, lavage is often difficult because of the presence of large 
numbers of leukocytes, fibrin, and other debris in the joint. Under such conditions the only 
recourse is to sacrifice the animal and recover the Gey's solution surgically. 

EXAMPLE VI 

The method of Example V for producing generally uniformly fibroblastic cells of a 
homogeneous population of Type B synoviocytes was followed to effect growing cultures of 
lapine synovial fibroblasts. These growing cultures of lapine synovial fibroblasts were 
subsequently infected with an amphotropic retroviral vector carrying marker genes coding for 
beta-galactosidase (Lac Z) and resistance to the neomycin analogue G418 (neo + ). Following 
infection and growth in selective medium containing about 1 mg/ml G418, all cells stained 
positively in a histochemical stain for beta-galactosidase. 

Neo selected cells carrying the Lac Z marker gene were transplanted back into the 
knees of recipient rabbits to examine the persistence and expression of these genes in yjvQ. 
Two weeks following transplantation, islands of Lac Z + cells within the synovium of 
recipient knees were observed. This confirmed the ability of the method of this invention to 
introduce marker genes into rabbit synovia and to express them in situ. 

EXAMPLE VII 

Neo-selected, Lac Z + synoviocytes were recovered from cell culture, suspended in 
Gey's Balanced Salt Solution and injected intra-articularly into the knee joints of recipient 
rabbits (about 10 5 - 10 7 cells per knee). Contralateral control knees received only a carrier 
solution. At intervals up to 3 months following transplant, the rabbits were killed and their 
synovia and surrounding capsule recovered. Each sample may be analyzed in three ways. A 
third of the synovium was stained histochemically en masse for the presence of 
beta-galactosidase. A second portion may be used for immunocytochemistry using antibodies 
specific for bacterial beta-galactosidase. The final portion may be digested with trypsin and 
collagenase, and the cells thus recovered cultured in the presence of G418. 
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this molecule after infection with MFG-IRAP. Lane 7 indicates that native rabbit synovial 
cells do not produce this glycosylated form. 

Figure 5 shows that medium conditioned by IRAP + synoviocytes blocks the induction 
of neutral metalloproteinases in articular chondrocytes exposed to recombinant human 
IL-1 beta. Chondrocytes normally secrete 1 U/10 6 cells, or less, gelatinase into their culture 
media. Figure 5 shows that when to about 5 U/ml or 10 U/ml IL-1 are added, gelatinase 
production increases to over 4 U and 6U/10 8 cells, respectively. Addition of medium 
conditioned by MFG-IRAP-infected HIG-82 cells employed by the method of this invention 
suppressed gelatinase production by IL-1 treated chondrocytes. With 5 U/ml IL-1 (Figure 5, 
right panel) inhibition was 100% for one culture and 41% for the other. With 10 U/ml IL-1, 
inhibition was reduced to 38% and 18% (Figure 5, left panel) as is expected of a competitive 
inhibitor. These data demonstrate that the IRAP produced by HIG-82 cells infected with 
MFG-IRAP is biologically active. 

EXAMPLE IX 

This example demonstrates the uptake and expression of Lac Z gene by synoviocytes 
using infection by a liposome (lipofection). A six well plate containing synoviocyte cultures 
were transduced with the Lac Z gene by lipofection. The content of each well is as follows: 
Well 1 Control cells, treated with liposomes alone 
Well 2 Control cells, treated with DNA alone 
Well 3 DNA + 150 nmole liposomes 
Well 4 DNA + 240 nmole liposomes 
Well 5 DNA + 300 nmole liposomes 
Well 6 DNA + 600 nmole liposomes 

Wells 3-6 containing sub-confluent cultures of synovial fibroblasts were infected with 
6 ug of DNA complexed with 150-600 nmoles/well of "DC-chol" liposome or in the 
alternative, with "SF-chol". Three days later, cells were stained histochemically for 
expression of beta-galactosidase (Figure 6). 

Table 1 shows the results of using the liposomes "DC-chol" and "SF-chol" in 
converting synoviocyte cultures to the Lac Z + phenotype without selection. Table 1 sets 
forth that the "DC-chol" liposome in a concentration of about 300 nmole/well converted 
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of 319 amino acids which are arranged in three immunoglobulin-like domains held together by 
disulfide bridges as shown in Figure 7. A 21 amino acid trans-membrane domain joins the 
extracellular portion to the 217 amino acid cytoplasmic domain. Figures 8A-8C show the amino 
acid and nucleotide sequence of the human and mouse interleukin-l receptors. In Figure 8B, 
the 21 amino acid trans-membrane region of the interleukin-l receptor is marked by the thicker 
solid line. In Figures 8A and 8B, the position of the 5' and 3' oligonucleotides for PCR are 
marked by thinner short lines, respectively. The lysine amino acid just 5' to the trans-membrane 
domain to be mutated to a stop codon is marked by a solid circle in Figure 8B. 

Synovium is by far the major, and perhaps the only, intra-articular source of 
interleukin-l in the arthritic joint. Snyovia recovered from arthritic joints secrete high levels 
of interleukin- 1 . Both the resident synoviocytes and infiltrating blood mononuclear cells within 
the synovial lining produce interleukin-l. 

The present invention provides a method of using in vivo a gene coding for a truncated 
form of the interleukin-l receptor which retains its ability to bind interleukin-l with high affinity 
but which is released extracellularly and therefore inactive in signal transduction. The binding 
of this truncated and modified receptor to interleukin-l inhibits the intra-articular activity of 
interleukin-l. 

This method of using a gene encoding the extracellular interleukin-l binding domain of 
an interleukin-l receptor that is capable of binding to and neutralizing interleukin-l includes 
employing a retroviral vector carrying a truncated interleukin-l receptor gene which encodes a 
truncated and soluble active form of the receptor. The expression of the novel interleukin-l 
receptor gene is controlled by regulatory sequences contained within the vector that are active 
in eukaryotic cells. This recombinant viral vector is transfected into cell lines stably expressing 
the viral proteins in trans required for production of infectious virus particles carrying the 
recombinant vector. These viral particles are used to deliver the recombinant interleukin-l 
receptor to the recipient synovial cells by direct virus infection in vivo. 

The soluble human interleukin-l receptor to be inserted into the retroviral vector may 
be generated by a polymerase chain reaction (PCR). An oligonucleotide complementary to the 
5' leader sequence of the human interleukin-l receptor (GCGGATCCCCTCCTAGAAGCT; SEQ 
ID NO: 5) and an oligonucleotide complementary to a region just upstream from the 
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ttansmembrane domain of the M«> receptor (GCGGATCCCATGTGCTACTGG; SEQ 
6) m used as primers for PC*. The primer for the region of the interleu*,! recepto 
lent to *e trats-membrane domain contains a single base change so tha, the *. codon a 
£Ld 336 (AAG) is Chang- to a -P — CTAG>. By inserting a Nation -P 
Z _ from the transmembrane domain, a scared form of interleulan.. recep»r that 
ZZZ - ce,, is genemed. A BamH. recognition se,uence (GGATCC) is added ,0 *e 
IZoi the PCR primers, and Mowing ^ *e resulting interieuKn-l receptor 
LgteTiscionedilaBamH, sire. AcONA,^ from — ^-J-^ 
J*, inKrleuKn., recepror cDNA. To ampiify me appropriate regton of be — 
^to, from me cDNA librae me commentary primers are added to -be «" » 
Z of annexing, primer extension and den— » performed using «^ 
Lard PCR reason condmons wel! xnown b, ,bose persons sKHed m the an F« 
Location of me interim soluble recepur using .be PCR process, me — 
Tied with BamH, and insert into the pU re^ovira, vector. Tbe pU retrovra vec»r 
JLble from A. , Korman and R. C. MuUiga, See also B-J-U-^. ^ 
1 2,50-2,54 (Apri. rm co-aumored by Alan ,. Korman, J. Dame. Franu, JacK £ 
Immger and Rich** C Mulligan. Restrict analysis was performed to determme me 

correct orientation of the insert. 

The — vector carrying the trunc*«, inters,, receptor ,s 
CR1P (aacj^Osi.. Vol. 85. pp. 6460*464 ,,988). O. Danos and R. C M *trt 

CaPO. — procedure and ce„s wherem £ 
Lo, is stably integrated and is seieoeo on the basts of resistance to the anubtottc G4,8. The 

Teen Une to G418. Tbe CRIP cel, .ine expresses tbe *» viral proHems reoutred or 
1Z Sector vW RNAs into infectious panic.es. MoKover. the « J* 
jTI bv the CRIP ceH Une are ab,e to efftcient.y infect » wide variety of mammahan ce., 
^tlghll. A„ — .niciesprc.ucedbym.sceniinearedefec.ivefo, 
,yp« tncludmg jn(o ^ thereby 

Z^ZZi: L JL produced b, this m«hod are — y free of 
contaminating helper-virus particles and are also non-pathogemc. 
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More spicily, the truncated in—- 1 gene can be inserted into a — 1 vector 
„„d« the region of a suitab,« eukaryotic promoter such as the retnMra, promoter a,r«ady 

:L-JLft..-^^.-«*^^~^"2 

9 Figure 9 shows ft. structure of the pU in— recep^r re.rov.ral vector and pant* 
^cL endonuciease map. Reference numeral .0 shows the in—-l ^ «- 
M a retroviral vector. Reference numeral IZ indict iong termtnal repea* <LTR s « -rt 
end of the structure of the pU in— receptor retrovirai vector shown . Ftgure in- 
UT. re^ ft. viral transcription and expression of the in— -1 receptor. Bactenal 
ger* encoding resistance to ft. antibiotic neomycin «neo-r, is shown a, £ 
The Simian Virus 40 enhancer promoter (SV 40, is indicated a, reference numeral 18, and 
ZL ft. expression of the neo-r gene. Reference numbers ,0 and ,2, 
Z si- wherein the resulttng in— t«cep.or fragment is cloned. wil. be understortb 
^ persons skiUed in the an that other vectors containing different eukaryouc promoters n» 
1 bTutuixed to obtain a genera!,, maxim* level of in—-, receptor express.0 • T» 
vectors containing the truncal at* modified in— -1 receptor will be ■««-«--»» 
retroviral P«kagi»g ceU Une (CRIP, by transfecuon and stable transforms 

CRIP cell Une expresses all the proteins required for packaging o, the exogenous retro^l 
Z Viral particles produced by the G4.8-se,ec«d CRIP cell lines will carry a recomb^t 

The viral panic.es are used to infect synovia, ceUs direct,, t, Wvo by injecttng the v,rus ,n,o the 

m Mother embodiment of this invention provides a method for using the herembefore 
described vM partcles to infect in culture synovia. ce.,s obtained from the hntng of ft. 

celts h*boring the in—-. r*ep»r retroviral consume, can be seiected us,ng G418 to 
^ of the neomycin resisunce gene. T* infected synovial ceus expre*.ng ft. 
ZZLl receptor can then be transplant back into fte join, by intra-antcular m.ect.on. 



PCTA3S96/01448 



10 



15 



WO 96/22793 



.-47- 



20 



in.erleuk.n-1 alpha and to^-' ^ joiM „ . routine and 

^ve!, minor - ■ * T£ durine open surg ery, « is now common .o 

perform synoveaomies, «^ al, >' °' te ' w0( md. In MM. » I-* 

— , wow tod inserted in«o me Vnee « . "* ^ „ to sutfca. 

onied out under "sranal anesthetic i- (herapy 

^ -issue may b. asepti* 
The synovial ceiis (synoviocyKs) conmned wttun *e « h ^ 

LI b y emymic diction of the connective ». * J ^ (0 , % 

w ,v in Grey's Baianc* Sal, SoUmon, or X ~£ > ^ from rais 

w ,v „ Ore,, Ba^crf » So,u.on, for 2 - * *J ]tf ^ ^ ^ 

mgeai o. are seeded inti, p»s»c cuUure .sh« - . «« ^ ^ ^ 

^ v*n HanVs F„ radium suppiemen,* 0J ^ „ 

Aftt r 3-7 da,, ft. cuUure medium is w~ N« **r ^ ^ ^ 

Gey's Batonceo sal. So.ut.on — injected in.o me rec,p,en. 

wlu uo„ are su«a»>e earner, A suspense* o «m ^ „„, „ roe 

— ^ ^:r:crn:-»-»--— 

doctor's office. No surgery is necessary, ry 
30 way and repea. injections carried ou. as needed. 
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Another embodiment of this invention is the gene produced by the hereinbefore described 
method of preparation. This gene carried by the retrovirus may be incorporated in a suitable 
pharmaceutical carrier, such as for example, buffered physiologic saline, for parenteral 
administration. This gene may be administered to a patient in a therapeutically effective dose. 

5 More specifically, this gene may be incorporated in a suitable pharmaceutical carrier at a 
therapeutically effective dose and administered by intra-articular injection. Therefore, the 
preferred mode regarding the ex vivo method of delivery is the removal of the patients 
connective tissue (e.g., synovia), in vitro culture of this connective tissue, transduction of the 
DNA sequence of interest, followed by the above-mentioned manipulation prior to delivery to 

10 the afflicted joint of the patient. 

In another embodiment of this invention, this gene may be administered to patients as 
a prophylactic measure to prevent the development of arthritis in those patients determined to 
be highly susceptible of developing this disease. More specifically, this gene carried by the 
retrovirus may be incorporated in a suitable pharmaceutical carrier at a prophylactically effective 

15 dose and administered by parenteral injection, including intra-articular injection. 

EXAMPLE X 

Fifty micrograms of a DNA plasmid vector molecule containing the interleukin-1 beta 
coding sequence ligated downstream of the CMV promoter was encapsulated within cationic 
liposomes, mixed with Geys biological buffer and injected intra-articularly into the knee 

20 joints of a rabbit. Forty eight hours subsequent to injection one nanogram of interleukin-1 
beta was recovered from the knee joint area. Therefore, injection of the DNA containing 
liposome solution within the region of the synovial tissue prompted fusion of the liposomes to 
the synovial cells, transfer of the DNA plasmid vector into synovial cells and subsequent 
expression of the IL-1 beta gene. Additionally, it is possible to inject non -encapsulated (i.e., 

25 naked) DNA into the joint area and monitor transfection of the DNA vector into the synovial 
cells as determined by subsequent expression of the IL-1 beta gene in synovial cells. 
Therefore, either method may be utilized as a plausible alternative to the in vilEQ 
manipulation of synovia also exemplified in the present invention. 

EXAMPLE XI 



WO 96/22793 



PCTAJS96/01448 



-49- 



The „ w» biological activity of the MFG-IRAP consuuc, was tested as ft. ability .0 
suppress ft. effeca of .L-18. Rabbi, knees were inject wift recombinant human .L-18, 

Z> - — an — « f ^ "» rfmcttd )o, r r 

introduce of MFG-IRAP/HIG-82 cells into rabbi. Knee, strongly suppresses L-U 
production of leukocy.es » ft. afflict join, space. In contrast, conuo. H.G-82 cells 0 no. 
Css the .eukocyte inflation .0 ft. J- se*ce chafed ^^'^ 
JLon is |»~ » the iowes. doses of human recombinan, .L-l» (hrtL-lB), as expend 
He ompLe mechanism through which .RAP antagonfces .L-i. Tnerefore * 
IS confl ft. in vM,, intra-aru=u,ar expression of .RAP is biologically acuve and can 

protect the joint from inflammation provoked by IL-1. 

EXAMPLE Xll 

This example further evalua.es « «. deliver, imo rabbi, knee join* of the 
MFG-IRAP construe As known, .RAP is an acidic g.ycoprotein of ^ 
ft. functions as a ^ antagonist of the biological actions of <^>* 
binding . 1W recurs. Unlike IL-1, IRAP has no agonist actmty, .ns«ad a«ng as 

compeutive inhibit of the binding of IL-U 

This example shows mat in ww) expression of IRAP oygeneucd., 

cells JL a-lLduced leukocyte infilua-ion into fte .oin, space, synovia, «h,cken.n 8 and 
hvpercellularity, and loss of proteoglycans from articular cartilage. 
^As rnelned wiftin this specification, fte preferred mode of ,eaung a pane, 
ftrough fte „ *. route will be by planting geneUcally modified — ^ 
ceu, by imra-aricular injecdon. However, H.G-82 cel.s. easily ma.nta.ned .n c U ,ture, were 
Z TZ experiment » show ft. in—,, expressed .RAP is effecuve .n 

inbibiUng fte physiological seouelae of ^ ^^ ^ _ int0 
MFG-IRAP/HIG-82 cells or control (uninfected HIG-82) cells, were tnui 

rabbi. knees by imra-articula, inject by fte meftods disc,osed within 

raoou luiwa j MPfi-TRAP Media conditioned for 3 days 

Briefly, cultures of these cells were infected w,th MFC IRAP. Med 

by infected MFG-IRAP/H.G 82 cells were assayed for human .RAP by ELBA assay usmg 

by lniecteo raru i>c A i and found to conoin approximarely 

commercial kit (R&D Systems, MmneapoUs, MN, USA) and touno 
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<no ne BAP/1* cells. Western blotting confirmed the presence of human TRAP of size 
500ngIRAf/i"-"=«>- balanced salt solution and 

M25U* HIG-1RAP cells were trypsimzed, suspended m Gey s balance* 
22-25 ^ particularly into the left knee joints 

vai0US L o f , <*. <*- °< — — ' 1 8 ; ssolvK1 " 05 

TLs solution Control knees were «» 0 5 ml of °** S0,Un0n - . . 
ml Gey s solution. <~° taee B 

EEhteen hours after injecuot. of hrIL-16, rabbm were iQLiea 

. „f re iP Each ioint was first lavagedwith 

evaluated histopathologically and for expression of IRAP. Each join 
7!, GeVs ».u«on containing 10 mM EDTA. Cell counts in these waslungs were 

hem^me*,. An aliouo, was removed for chinning and stammg 

^mriale et al 1986, Biochim Biophys Acta 883: 173-177). 

^ "yllvt were dissected from the *nee joints. f,ed in 70* ethanol. dehydrated. 

^ded in paraffin, secured a. 5 ,m and stained with hemalox^ " 

An average of 2.5ng human IRAP per knee was measured .n joint lavages y 

T„, «r MFG-IRAP/HIG 82 cells. Contralateral, control knees recemng 
following transplant of MFG IRAP HIO ^ 
naive H1G-82 ce.ls had no defcctable human IRAP (Ftgure 11). To 

_ , . nf IRAP expression was sufficient lo inhibit the effects of IL-1 m vivo, 
observed level of IRAP expressio ^ ^ ^ IRAp 

„ ZuRAP upon the slight inflammatory effect of injecting cells into joint, The 
■nfluence of .RAP upon « of injected hrIL . 16 leased. ,n 

degree of suppression by IRAP oecreascu * 
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^ KrTi -1 ft alone is evident in these paruv,uioi *~ 

zzz r "-i-r — > — — - * ,he 

lowest dose used. 12c w e vealed that most of the infiltrating 

To determine ^ I—*** express* * deKrmined . 
«o - - ^ breaMown of the ca«i,ag.nous 

,„ response to 10 « of » ^ of „. sy00vu 

(Figure 14.) and I*-** «*» ' ' inffltntion by ieukocy.es. 

^ ,„ involve bom increased numbers of synov^cy 

. Mcr tuAP/HIG 82 cells were present, these cnangc 

i - — 

14d) * v tp ap «ne to the synovial lining of rabbit knees 

_ ^rsr-"^ — - — — 

challenge by ML-IB. recom binan. synovial fluids 

Measurements of the amounts of 1L 1 P 1 *" 1 R „ eom Dis . 4 9: 

^ values in me range of 0-500 pg/ml <*~ ^ the ^s of 1RAF 

676-681; Malvale. « a... »». Arthritis Rheur. ,36. ^ sufficient t0 

^f.ebio.ogical.cuvmesof.L-.a^^ 
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This example shows that the level of intraarticular IRAP expressed subsequent to 
ex vivo transplantation of synoviocytes transduced with MFG-IRAP is sufficient to inhibit 
several pathophysiological changes associated with antigen-induced arthritis of the rabbit 
knee Intraarticular^ expressed IRAP has both a chondroprotective and anti-inflammatory 
effect during the acute phase of this disease. Data disclosed in Example XII support the 
contention that the invention as disclosed and claimed is a marked improvement for treating 
connective tissue disorders such as arthritis in comparison to delivery of protems to the 
afflicted joint. Example XII shows that ex vivo transfer of MFG-IRAP to the rabbit knee as 
disclosed throughout this specification results in the intraarticular accumulation of nanogram 
quantities of glycosylated, biologically active IRAP. This present example shows that this 
same gene therapy based product inhibits joint pathologies in a rabbit model of human 
rheumatoid arthritis. 

Young adult rabbits were subjected to a surgical, partial synovectomy of the left knee 
joint to provide autologous cells. These autologous cells were used to produce cultures of 
rabbit synovial fibroblasts (type B synoviocytes) from these biopsies as described in 
Example V and Example IX. Subconfluent cultures were then transduced by infection with 
MFG-IRAP. Expression of the transgene was confirmed by measuring the concentrations of 
human IRAP in the conditioned media; values typically range from 100-500ng 
TRAP/lCcens* days. Sister cultures of synoviocytes from the same animal were infected 
with a BAG virus encoding the lac Z and neo' marker genes, and then selected for growth in 
the presence of G418 (lm g /ml) to serve as controls. Untransduced synoviocytes were also 

used as additional controls. 

Daring the period that die cells were being grown and transduced, the donor rabbits 
were sensitized to ovalbumin by a series of two intradermal injections of 5mg ovalbumin 
emulsified in adjuvant, given mo weeks apart. Two weeks after die second injection, an 
acute monarticular arthritis was initial by the injection of 5mg ovalbumin dissolved ,n 1ml 
saline into the right knee joints. B, this time the left, donor knees had regenerated their 
synovia, and were each injected with 1ml saline as controls. 

One day after the ons« of arthritis. 10' autologous cells, transduced with either the 
IRAP gene, or lac Z and neo genes, were injected into each arthritic knee, and each 
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, critic knee l I ,o*er C on«. 1 «perimen K , kn « S were inj«««i whh 

analysiS ' - , th , MFG-IRAP transgene was evaluated by ELISA 

n^rements of human KAP ■ *» 8 ^^ions i„ the artt.ri.ic knees were 
„„,arthriuc knees * shown ,n Figure 15. 15) [n ^ 

..ways several-fold higher ton » normal »— » ™ » ^ ,„ 

IRAP expression with ume. No human IRAF cou 

„ art^c knees - ? e range* = ^ _ _ _ 

exceeded the concentrauon of 1L-1 by factors o » 

IL-1 were lower in day 7 arthritic knees receiving the IRAP ge 

m IRAP had inhibit an autocrine amplif.cat.on loop. ^ 

^ovitts accompanied by influx of leukocytes ,n« , the ,om spa~ ^ 
Ue onset of antigen-induced arthritis ,n this Exan*. « «J 

. as reflect* in the increased glycol » ^ 

upB keof»SO.'(F.g-™- GAG release (Figure 17a) was 

UAM 55% on day 4 and 32% ™ 1 ■ ^ ^ ^ strongl , 

inhibited by 68% on day 4 and 100% on y • ^ ^ stIong( . r 

^ die influx of leukocyKs into die >o.n. space (F.gure .8), 
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at day 4 (65% inhibition) than at day 7 (38% inhibition); indeed, the difference at day 7 
failed to reach statistical significance. 

The MFG-IRAP construct is utilized to exemplify the presently claimed invention. In 
addition to this construct, the ex vivo based teachings of this specification have been utilized 
to transfer to synovial cells and express in vivo DNA sequences encoding human IL-la, 
human TNF-a soluble receptor, vIL-10, Lac Z and neo'. 

FXAMPLE XIV 

The methods disclosed throughout this specification were utilized to express 
MFG-human IL-1 soluble receptor type I and type II constructs (with netf) within in vitro 
cultured synoviocytes. These transfected synoviocytes produce 1-2 ng/10 6 cells of IL-1 
soluble receptor types I and II, following neo-selection. The additional methods disclosed 
throughout this specification may be utilized to procure in vivo expression data regarding 
these MFG-human IL-1 soluble receptor type I and type II constructs. 

EXAMPLE XV 

Rabbits were injected intraarticularly in one knee joint with a specific viral or 
non-viral vector disclosed in Table II. Contralateral knees were injected with a control, 
usually with the identical viral or non-viral vector with a different passenger gene. At 
intervals from 2 days to 2 weeks following intraarticular injection, rabbits were sacrificed 
and the knee joints harvested and stained with X-Gal to assay for LacZ expression. The 
results are depicted in Table II. The recombinant adenovirus vector comprising a 
CMV-LacZ fusion and the recombinant HSV vector comprising a CMV-LacZ fusion 
generated the highest expression level subsequent to intraarticular injection. The recombinant 
retroviral vector, MFG-LacZ, was not expressed in vivo, lending credence to the concept that 
retroviral vectors require actively dividing cells during the infection process and the 
concomitant low mitotic activity of synoviocytes in the joint lining. 

However, an intra-articular injection of MFG-IRAP to synovial cells of an inflamed 
joint space supported retroviral transduction. Injection of MFG-IRAP into an inflamed rabbit 
knee lead to the intrarticular accumulation of 414.7 pg/knee at 24 hours post injection. The 
contralateral knee contained only 46.05 pg of human IRAP, close to background level. 
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^"EXPRESSION 

! n A CZ LEVEL DURATION 
VECTOR PROMOTER U*>£ %) (Days) 



20-30 
1 (toxic) 
100 
20-30 
0 



0 


0 


+++ 


5-7 


+++ 




+ 


1-2 


+ 


1-2 



Retrovirus (MEG) LTR 

HSV CMV 
Adenovirus CMV 
Liposome (DC-chol) CMV 

None (naked DNA) CMV 

the degree of staining with X-Gal. 
LTR = viral long terminal repeat 
CMV « cytomegalovirus 

^ ta ven 4 on can * used to — • - «~ ^ir. of lecav, *« 
L ». *- «ab.e the ciaimed 8 - — be 

least on. 8 «« which codes for proteins with theopeunc propeme, T 

k in.nNAthatiscaiaWeofniiiinlenai.ee and expression. 

. .pair and regenera* *e connective Ussue of a matntnaiian »ost. 
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It will be further understood that the present invention discloses ex vivo and in vivo 
techniques for delivery of a DNA sequence of interest to the connective tissue cells of the 
mammalian host. The ex vivo technique involves prior removal and culture of target 
autologous connective tissue cells, in vitro infection of the DNA sequence, DNA vector or 
other delivery vehicle of interest into the connective tissue cells, followed by transplantation 
to the modified connective tissue cells to the target joint of the mammalian host, so as to 
effect in vivo expression of the gene product of interest. The in vivo technique bypasses the 
requirement for in vitro culture of target connective tissues cells; instead relying on direct 
transplantation of the DNA sequence, DNA vector or other delivery vehicle to the target 
in vivo connective tissue cells, thus effecting expression of the gene product of interest. 

It will be further understood that this invention provides a method to produce an 
animal model for the study of connective tissue pathology. 

It will be appreciated by those persons skilled in the art that this invention provides a 
method of using and a method of preparing a gene encoding an extracellular interleukin-1 
binding domain of an interleukin-1 receptor that is capable of binding to and neutralizing 
substantially all isoforms of interleukin-1, and thus substantially protect cartilage of a 
mammalian host from pathological degradation. In addition, it will be understood by those 
persons skilled in the art that the method of using the gene of this invention will reduce 
inflammation, protect soft tissues of the joint and suppress the loss of bone that occurs in 

patients suffering with arthritis. 

It will be appreciated by those persons skilled in the art that the viral vectors 
employed in the hereinbefore described invention may be employed to transfect synovial cells 
in vivo or in culture, such as by direct intra-articular injection or transplantation of 
autologous synovial cells from the patient transduced with the retroviral vector carrying the 
truncated interleukin-1 receptor gene. 

It will also be understood that a class of DNA sequences, as described throughout 
this specification, including but not limited to IRAP, may use the claimed methods to effect 
reduction of inflammation, protect soft tissues of the joint and suppress the loss of bone that 
occurs in patients suffering with arthritis. 
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n**m of ,he d«ai.s of ft. present invent™ tna, * — «*> »« 
invention as defined in the appended clatms. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 



m APPLICANT- University of Pittsburgh of the Commonwealth System of 

(1) APFLlCAixi. Education, 911 William Pitt Union 

Pittsburgh, PA 15260 

fift TITLE OF INVENTION: Gene Transfer For Treating a Connective Tissue of a 
K 1 Mammalian Host 

(iii) NUMBER OF SEQUENCES: 6 

(iv) CORRESPONDENCE ADDRESS: Mrfintt 

(A) ADDRESSEE: Eckert Seamans Chenn & Mellott 

(B) STREET: 1700 Market Street Suite 3232 

(C) CITY: Philadelphia 

(D) STATE: PA 

(E) COUNTRY: USA 

(F) ZIP: 19103 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

C OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(viii) ATTORNEY/ AGENT INFORMATION: 

(A) NAME: Gould, Jr., Lewis F. 

(B) REGISTRATION NUMBER: 25,057 

(C) REFERENCE/DOCKET NUMBER: 109070-11 A 

fix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (215) 575-6000 

(B) TELEFAX: (215) 575-6015 

(C) TELEX: 866172 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1770 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 
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(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: cDNA 

(hi) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 
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(B) CLONE: Human lnteileukin-1 Receptor 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 55..1764 

W ) SEQUENCE DESCRIPTION: SEQ ID NO: I: 
C „CCT<»» «=T-CCC CTTGGTAAAA C*C»«==T TCTCO^ <WT j» 

a a a a a a s s = = s = = s E 
aaaaaaaaaaasasaa 

a s a a a s 5 a a a s s = - - s 

« « a a s a a a a a $ a 

V»l Ser Thr Olu Gin Ala Ser fx* ^ 80 

«. » «? r s a a a a a a a ~ f ss a 

Trp Phe Val Pro Ala Lys vax 90 9b 

aaaaassaaaaaaasa 

SSSSSSS5SSSSSSS5 

aSaaaassssaasssS 
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153 



201 



249 



297 



345 



393 



441 



469 



130 
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sb a a a a s: a a a s s 55 2 2 a " 
ssssasj s s s a § a a a a a a a 

- - S S ffi a S IS S S a 5! s a a ss 

180 185 

a s ss a s a i s a a a | a ss s s 
s a a s a a s s a a a ss a s s g 

S a a s a ss a as a s a a ss a a 

230 

s a a a a a a a a a a a a a a s 
ss a a a a a a a a a a a sj ss ss a 

260 265 

s a a ss a a a a a a s s ss a a a 

275 280 

ss a a a ss a ss ss a a a a ss ss ss a 

290 295 

- a a a a a a a ss sj a s ss ss a ss 
sa s a s a a s a a a s a a a a a 

325 -* JU 

s a ss s a a a a s a s a a a a a 

340 345 

-~ att GAC ATT GTG CTT TGG TAC AGG GAT 

s a a a a a a a ss a « ». *» v «, >. 

355 360 

« toc y ss a ss a a a a a ss a a a a 

Ser Cys Tyr Asp Phe Leu Fro xxe ^ 385 

370 375 

ss s a a = a a a a a a a a a a a 
ssaaasaassaaaaaassa 
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585 



633 



681 
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777 



825 
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1113 
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- r a 5 s s is s s s s s 3 - s .« 

Gin Cys Gly Tyr 425 

" m A AC GTA AAG AAA AGC AGA AGA 

T - S 55 K ?5 S S T » SS - - as - s " 

Glu ABP va 440 

435 mr** rar TTC AGC TGG CTG GGT 

s s s s = s a a - s a * - - Le " » 

450 rcT CTT GTT CAG GAT 

s- S S a a s s s i s - - s - 

485 ,n r A T GGG GCT ATC 

- « « a S ffi SS S S £ 35 £ * 

Ly8 Met Pro Glu Set lie i.y ^ 510 

500 ^ r*r TCT GCA AAG ACA AGG 

S 3 S S 5 S § S « s S I - 1 " ™ ~ 

515 rar CGA CGG TCA CCT 

SSSSSgSSSSSSL. — B 

bsbs«==*S bsss 3 b 

550 

„ rrT CTC GGG TAGCATGGA 

- K s a £ S 2. «» H , 

561) 



(2) INFORMATION FOR SEQ ID NO:2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 569 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

W SEQUENCE DESCRIPTION: SEQ ID NO:, 
Het Lys V.1 Leu Leu « - Xle Cys ». ^ - 

, a o Lys CVS Lys Glu Arg Glu Glu Lys lie He Leu 
S er Leu Glu Ala Asp Lys cys y ^ 

20 rvs Pro Leu Asn Pro 

«1 s.r s« « 0" »• ™ l « "° Ci " « 

It 
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A sn Glu His Lys Gly Thr lie Thr Trp Tyr Lys Asp Asp Ser Lys Thr 
50 55 



Pro val Ser Thr Glu Gin Ala Ser Arg He His Gin His Lys Glu LyS Q 



65 



70 



L eu Trp Phe Val Pro Ala Lys Val Glu Asp Ser Gly His Tyr Tyr Cys 
val val Arg A.n Ser Ser Tyr Cys Leu Arg He Lys He Ser Ala Lys 



Phe val Glu Asn Glu Pro A-n Leu Cys Tyr A-n Ala Gin Ala lie Phe 

Lys Gin Z Leu Pro Val Ala Gly Asp Gly Gly Leu Val Cys Pro Tyr 

130 135 
Het Glu Phe Phe Lys Asn Glu Asn Asn Glu Leu Pro Lys Leu Gin Trp 
145 150 

Tyr Lys Asp Cys Lys Pro Leu Leu Leu Asp Asn He His Phe Ser Gly 

165 

Val Lys Asp Arg Leu lie Val Met Asn Val Ala Glu Lys His Arg Gly 



ieo 



M„ Tyr Thr cy. HI. M. S.r Tyr Thr Tyr Leu Gly £. «• Tyr » 



195 



lie Thr Arg Val He Glu Phe He Thr Leu Glu Glu Asn Lys Pro Thr 

210 215 



Arg Pro Val He Val Ser Pro Ala Asn Glu Thr Met Glu Val Asp Leu 
225 230 

Gly Ser Gin He Gin Leu He Cys Asn Val Thr Gly Gin Leu Ser Asp 



245 



He Ala Tyr Trp Lys Trp Asn Gly Ser Val He Asp Glu Asp Asp Pro 



260 



Val Leu Gly Glu Asp Tyr Tyr Ser Val Glu Asn Pro Ala Asn Lys Arg 



275 



e t^u He Thr val Leu Asn He Ser Glu He Glu Ser Arg 

Arg Ser Thr Leu lie Tnr v«x « 3Q0 



290 



Phe Tyr Lys His Pro Phe Thr Cys Phe Ala Lys Asn Thr His Gly He 

305 310 

, ^i- t».. Tie Tvr Pro Val Thr Asn Phe Gin Lys 
Asp Ala Ala Tyr He Gin Leu He Tyr Pro va ^ 



325 

,i. «t II. =ly IU cy. V.1 Thr u. Thr v.l IU IU «1 cy. S.r 
V.1 Ph. U. Z -y XI- Ph. g. IU MP U. v.. ljj Trp T yt «, 



355 



up S.r Cy. Tyr MP Ph. L.» Pro ... *. »U « »P - ~ 

370 375 

Tyr Mp M. Tyr U. u. V » »*• ** £ «* »' *" % 



385 
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„, MU 2 xi. .i. «- s «■ «- Thr Mr !U phe ser IIP te " 

450 

81y c ly S.r S., <U« JU «• «• - »« I?S «• 

465 

w ol , n. - - - - "« s «• - ,u ol " a 1,1 



Glu w . «« Pro 1. S.r ^ Jg «• - «■ £ "V 

n. «, «. - «, - - -J «- ~ "* III L " ^ 

515 ° 

„, w . «, «. «. v. t «| ^ »- ~ Bi sr ° set 

„ « « * *■ 5- - - s " SS Ihr "* 

545 Sa 

Gin Arg Glu tt. His Val Pro Leu Gly 

5o5 

(2) INFORMATION FOR SEQ ID NO:3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1782 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 

(vii) ^SSS^ 9 ^^ cDNA Library 

(B) CLONE: Mouse Interleukin-1 Receptor 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 46.. 1776 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 

GGATGTCATC AGAGTTCCCA GTGCCCCGAA CCGTGAACAA CACAA ATG GAG AAT 

1 

ssjassaasaassaaaa 
s a s a a si a a a a a a s a a a 

20 25 30 

25SSSSS5S5J5SSSSSSS 

^ a a f ? a a s a a a a a a a a a 

a s s s a a a a a a a a a a a a 

70 75 

a ? 5 ° 5 a a a a a, a a a a s; a a a a 
aaaaaaaaaaaaaaaa 

100 105 

aaaaaaaaasaaaaaa 

120 

a a a a a a a a a a a a a a a a 
52 a a a a a a a a a a a a a a a 

150 155 

a aaaa a a a a a a a a a a a 

165 170 

saaaaaasaaaaaaaa, 

180 185 

a a a a a a a a a a a a a a a a 
a a a a a a a a a a a a a a a a 
a a a a a a a a a a a a a a a a 

230 235 



54 



102 



150 



198 



246 



294 



342 



390 



438 



486 



534 



582 



630 



678 



726 



774 
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»rr rrc ACG GGC CAG TTC TCA GAC 

s si a s as a a ™ SK !5 K, =iv «u n. « »p 

245 250 

S a a S S 3 a S a S S 5 S= 5 h 

260 265 

a a s a s 5 a = = a a s 2 s * ~ 
ssssssssssssssgss 

S S S S S SE S S 3 B £ S5 S S S SS 

310 31i 

s = s s a a a s a s a a ss a a a 

325 330 

a a s % a s s s s a a a s a 5 1 

340 345 

aaaagaaaasaaaaga 

a s a I a a a a a a a a a § a a 

a ^ a a a a a a a a ss a a a a a 

390 3S!> 

t „ « -j S S « 2 - a a a 

Ser Asp Leu Asp Thr Phe vax me uy ^ 

saaaaaaaaagaaaa-i 

420 425 

saaeaaaaaaaaaaaa 

440 

a a a a a a a a 5 a a s a a a a 

455 

a a a a a a a a a a a a a a a a 

470 *' 3 

aaaaaaa.aaaas.saa*. 

485 

a a a a a a. a a a s a a a a a a 

500 505 
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ATT TGC 
lie Cys 


TGG 
Trp 


TCA GGA GAC 
Ser Gly Asp 
520 


TTT 
Phe 


CAA 
Gin 
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Glu 


AGA 
Arg 
525 


CCA 
Pro 


CAG 
Gin 


TCT 
Ser 


GCA 
Ala 


AAG 
Lys 
530 


ACC 
Thr 


AGG 
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TTC 
Phe 


TGG 
Trp 


AAA 
Lys 
535 


AAC 
Asn 


TTA 
Leu 


AGA 
Arg 


TAC 
Tyr 


CAG 
Gin 
540 


ATG 
Het 


CCA 
Pro 


GCC 
Ala 


CAA 
Gin 


CGG 
Arg 
545 


AGA 
Arg 


TCA 
Ser 


CCA 
Pro 


TTG 
Leu 


Ser 
550 


AAA 
Lys 


CAC 
His 


CGC 
Arg 


TTA 
Leu 


CTA 
Leu 
555 


ACC 
Thr 


CTG 
Leu 


GAT 
Asp 


CCT 
Pro 


GTG 
Val 
560 


CGG 
Arg 


GAC 
Asp 


ACT 
Thr 


AAG 

Lys 


GAG 
Glu 
565 


AAA 
Lys 


CTG 
Leu 


CCG 
Pro 


GCA 
Ala 


GCA 
Ala 
570 


ACA 
Thr 


CAC 
His 


TTA 
Leu 


CCA CTC GGC 
Pro Leu Gly 
575 


TAGCATGGC 



(2) INFORMATION FOR SEQ ID NO:4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 576 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 

Met Glu Asn Met Lys Val Leu Leu Gly Leu lie Cys Leu Met Val Pro 
1 5 10 15 

Leu Leu Ser Leu Glu lie Asp Val Cys Thr Glu Tyr Pro Asn Gin He 
20 25 30 

Val Leu Phe Leu Ser Val Asn Glu He Asp He Arg Lys Cys Pro Leu 
35 40 45 

Thr Pro Asn Lys Met His Gly Asp Thr lie He Trp Tyr Lys Asn Asp 
50 55 *° 

Ser Lys Thr Pro He Ser Ala Asp Arg Asp Ser Arg He His Gin Gin 
65 70 75 

Asn Glu His Leu Trp Phe Val Pro Ala Lys Val Glu Asp Ser Gly Tyr 
85 90 »5 

Tyr Tyr Cys He Val Arg Asn Ser Thr Tyr Cys Leu Lys Thr Lys Val 
100 105 HO 

Thr Val Thr Val Leu Glu Asn Asp Pro Gly Leu Cys Tyr Ser Thr Gin 
115 120 I 25 

Ala Thr Phe Pro Gin Arg Leu His He Ala Gly Asp Gly Ser Leu Val 
130 135 I" 

Cys Pro Tyr Val Ser Tyr Phe Lys Asp Glu Asn Asn Glu Leu Pro Glu 
145 150 155 lbU 

Val Gin Trp Tyr Lys Asn Cys Lys Pro Leu Leu Leu Asp Asn Val Ser 
165 1"0 

Phe Phe Gly Val Lys Asp Lys Leu Leu Val Arg Asn Val Ala Glu Glu 



1734 



1782 
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190 



His 



180 "5 
Arg Gly Asp Tyr lie Cys Arg Met Ser Tyr Thr Phe Arg Gly Lys 



195 



Gin Tyr Pro Val Thr Arg Val lie Gin Phe lie Thr lie Asp Glu Asn 



210 



Lys Arg Asp Arg Pro Val lie Leu Ser Pro Arg Asn Glu Thr He Glu 

230 



225 



Ala Asp Pro Gly Ser Met He Gin Leu lie Cys Asn Val Thr Gly Gin 
245 

Phe Ser Asp Leu Val Tyr Trp Lys Trp Asn Gly Ser Glu lie Glu Trp 

260 265 
A.n Asp Pro Phe Leu Ala Glu Asp Tyr Gin Phe Val Glu His Pro Ser 

Thr Lys Arg Lys Tyr Thr Leu lie Thr Thr Leu Asn lie Ser Glu Val 

290 295 
Lys Ser Gin Phe Tyr Arg Tyr Pro Phe lie Cys Val Val Lys Asn Thr 



305 



Asn lie Phe Glu Ser Ala His Val Gin Leu lie Tyr Pro Val Pro Asp 

325 3 ^ 

Phe Lys Asn Tyr Leu lie Gly Gly Phe He lie Leu Thr Ala Thr He 

340 345 
val Cys Cys Val Cys He Tyr Lys Val Phe Lys Val Asp He Val Leu 

355 360 
Trp Tyr Arg Asp Ser Cys Ser Gly Phe Leu Pro Ser Lys Ala Ser Asp 

370 375 
Gly Lys Thr Tyr Asp Ala Tyr He Leu Tyr Pro Lys Thr Leu Gly Glu 
385 390 " 5 

Gly Ser Phe Ser Asp Leu Asp Thr Phe Val Phe Lys Leu Leu Pro Glu 
val Leu Glu Gly Gin Phe Gly Tyr Lys Leu Phe He Tyr Gly Arg Asp 



420 



425 



Asp 



Tyr val Gly Glu Asp Thr lie Glu Val Thr Asn Glu Asn Val Lys 



435 



Lys Ser Arg Arg Leu He He He Leu Val Arg Asp Met Gly Gly Phe 

450 455 
Ser Trp Leu Gly Gin Ser Ser Glu Glu Gin He Ala He Tyr Asn Ala 



465 



470 



Leu He Gin Glu Gly He Lys He Val Leu Leu Glu Leu Glu Lys He 
485 



Gin Asp Tyr Glu Lys Met Pro Asp Ser He Gin Phe He Lys Gin Lys 
Gly Val He Cys Trp Ser Gly Asp Phe Gin Glu Arg Pro Gin Ser 



His 



515 



Ala Lys Thr Arg Phe Trp Lys Asn Leu Arg Tyr Gin Met Pro Ala Gin 
530 535 
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Arg Arg Ser Pro Leu Ser Lys His Arg Leu Leu Thr Leu Asp Pro Val 
545 550 555 560 

Arg Asp Thr Lys Glu Lys Leu Pro Ala Ala Thr His Leu Pro Leu Gly 



(2) INFORMATION FOR SEQ ID NO:5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: Primer Oligonuleotide to 5 'Leader Sequence of 
IL-1 Receptor 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5: 

GCGGATCCCC TCCTGAGAAG CT 

(2) INFORMATION FOR SEQ ID NO:6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: Primer Oligonucleotide Upstream of 
Transmembrane Portion of 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6: 

GCGGATCCCA TGTGCTACTG G 
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WHAT IS CLAIMED IS: 

A method of treating a connective tissue disorder which corpse, 

a, getting » recombinant viral vecor which contains a DNA sequence 

^coding a protein or biologically active fragment thereof; 

b) infecting a population of * rtr, cuhured connecnve tmue ceils v*h 

* recombinant viral vector, resuMng in » population of transfected connect ceUs, 

c, planting said transfected connective cells to a join, space of a 
,■ k„« S uch U-at subsequent expression of said protein within said jomt space 

normally associated with a connective tissue disorder. 

me method of claim 1 wherein said connective tissue cells - «*- 
the'group of connective tissue consisting of a synovium, a — , a tendon and 

T. The meUKXl of Cairn 2 wherein said connective tissue cells are synovia! 

4 . The method of c*m 3 wherein said recombinant vira, vector is a retrovin, 

Tne method of claim 4 wherein ^plantation of transduced synovia, ceUs 

is by T 1 1ST- - » — - « ,ls ire — synovU1 

^ 7 The metitod of claim 4 wherein said recombinant retroviral vector 
Borises a DNA sequence encoding .RAP or a biologically active fragment thereof. 

T Tnelhod of claim 5 wherein said recombinant Retrovir, vector 
comprises a DNA sequence encoding ,RAP or a bio.og.caUy active f^ent^eof . 

, The method of Cairn 6 wherein said recombinant re.rov.ra. vector 
arises a DNA sequence encoding .RAP or a bio.ogica.ly active fogmen, hereof. 
T tJ2»* of claim 4 wherein said recombinant retrovira, vecror ,s 

The tnahod of claim 5 wherein said recombinant retroviral vector is 



vector. 

5 



MFG-IRAP. 
11. 

MFG-IRAP. 
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12. The method of claim 6 wherein said recombinant retroviral vector is 
MFG-IRAP. 

13. The method of claim 4 wherein said recombinant retroviral vector 
comprises a DNA sequence encoding the extracellular domain of the interleukin-1 
receptor protein or a biologically active fragment thereof. 

14. The method of claim 13 wherein said retroviral vector is MFG. 

15. The method of claim 4 wherein said recombinant retroviral vector 
comprises a DNA sequence encoding the TNF-a soluble receptor protein or a biologically 

active fragment thereof. 

16. The method of claim 15 wherein said retroviral vector is MFG. 

17. The method of claim 4 wherein said recombinant retroviral vector 
comprises a DNA sequence encoding the 1L4 protein or a biologically active fragment 
thereof. 

18. The method of claim 17 wherein said retroviral vector is MFG. 

19. The method of claim 4 wherein said recombinant retroviral vector 
comprises a DNA sequence encoding the IL10 protein or a biologically active fragment 
thereof. 

20. The method of claim 19 wherein said retroviral vector is MFG. 

21. The method of claim 1 wherein said population of transfected connective 
cells are stored prior to transplantation. 

22. The method of claim 21 wherein said population of transfected connective 
cells are stored in 10% DMSO under liquid nitrogen prior to transplantation. 

23. The method of claim 2 wherein said connective tissue is employed to 
regenerate damaged connective tissue within the joint space. 

24. A method of treating a connective tissue disorder which comprises: 

a) generating a recombinant DNA plasmid vector which contains a DNA 
sequence encoding a protein or biologically active fragment thereof; 

b) transforming a population of in vitro cultured connective tissue cells 
with said recombinant DNA plasmid vector, resulting in a population of transformed 

connective cells; and, 

c) transplanting said transformed connective cells to a joint space of a 
mammalian host, such that subsequent expression of said protein within said joint space 
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«*» - « « **" ° r indicia of inflimmation 

normally associated with a connective tissue disorder. 

I V. MM of claim 24 wherein — ing means is selected fro. the 
g,oup consisting of liposome encapsulation, calcium phosphate, electroporation and 

DEAE-dextran. „i«4ed 
26 jhe method of claim 24 wherein said connective ussue cells are selected 

from the group of connective ussue consisting of a synovium, a cartilage, a Kndon and a 

^ . A method to produce an anima, mode, for the study of Joint pathoiogies 
which comprises: ^ ^ ^ ^ ^ ^ a ^ ^ 

encoding a protein or biologically active fragment thereof; 

\, infecting a population „«.*. cultured connective tissue ce„s wrth 
* recombinant viral vector, resulting in a poputation of transfected connective cells; 

"* c) transplanting said transfecttd connective cells . a join, space of a 

T ^The medtod of claim 27 wherein said connective tissue cells are selected 
from th. group o, connective tissue consisting of a synovium, a canuage, a tendon and 

""""^ The medtod of claim 28 wherein said connective tissue cells are synovia, 
cells 

30. The method of claim 29 wherein said recombinant viral vector* a 
""""J ^Tne rn.ti.od of claim 30 wherein transplantation of u-duced synovia, 
- ^ 3, wherein - synovi, ce„s are autologous syno., 

33 The method of claim 32 wherein said recombinant retroviral vector 
comprises' a DNA se,«nce encoding human n,l. or a bio,og,call, active fragment 
thereof. 
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34. The method of claim 32 wherein said recombinant retroviral vector 
comprises a DNA sequence encoding human IL-1B or a biologically active fragment 
thereof. 

35. The method of claim 32 wherein said recombinant retroviral vector 
comprises a DNA sequence encoding human tumor necrosis factor-a or a biologically 

active fragment thereof. 

36. A method to produce an animal model for the study of joint pathologies 

which comprises: 

a) generating a recombinant DNA plasmid vector which contains a DNA 
sequence encoding a protein or biologically active fragment thereof; 

b) transforming a population of in vitro cultured connective tissue cells 
with said recombinant DNA plasmid vector, resulting in a population of transformed 

connective cells; and, 

c) transplanting said transformed connective cells to a joint space of a 

mammalian host. 

37. The method of claim 36 wherein said connective tissue cells are selected 
from the group of connective tissue consisting of a synovium, a cartilage, a tendon and a 
ligament. 

38. The method of claim 37 wherein said connective tissue cells are synovial 

cells. 

39. The method of claim 38 wherein said recombinant plasmid DNA vector 
comprises a DNA sequence encoding human IL-la or a biologically active fragment 
thereof. 

40. The method of claim 38 wherein said recombinant plasmid DNA vector 
comprises a DNA sequence encoding human IL-1B or a biologically active fragment 
thereof. 

41 . The method of claim 38 wherein said recombinant plasmid DNA vector 
comprises a DNA sequence encoding human tumor necrosis factor-a or a biologically 

active fragment thereof. 

42. The method of claim 40 wherein said recombinant plasmid DNA vector is 

CMV-IL-lfl. 
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